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r 1Challenges facing the health care system
Health care systems across the world currently face many challenges. One of the major 
challenges is the rising demand for health care. A main reason for this rising demand is 
the increased burden of chronic illnesses [1]. According to the World Health Organiza-
tion, chronic diseases have currently reached epidemic proportions and constitute the 
main causes of death in the world [3]. In the Netherlands, about two-third of people 
aged 65+ have one or more chronic conditions, and about 90% of people aged 75+ 
have at least one chronic condition [3]. It is expected that these numbers will further 
increase because of improvements in survival and because of the rapidly aging popu-
lation [4, 5]. Demands for health care are expected to further rise in the future, as the 
baby-boom generation soon reaches healthcare-dependent ages. It is expected that in 
2040 about 27% of the Dutch population is aged 65 years or older [6].
Another challenge for the health care system is the increased emphasis on safety and 
effectiveness of care, which led to a large number of initiatives in previous decades, 
such as the ‘Triple Aim’ [7]. The Triple Aim framework intends to guide health care 
improvement initiatives to simultaneously pursue three goals: 1) improving the pa-
tient experience of care (including quality and satisfaction); 2) improving the health 
of populations, and 3) reducing the per capita cost of health care [7, 8]. In 2015, costs 
of Dutch health were increased with 0.8% to 95 billion euro, which concerned 5.628 
euro per capita. Health expenditures rose particularly for hospitals, medication and 
refugee centers [9]. With the rising health care consumption policy makers and health 
care professionals are challenged to make decisions with regard to the organization 
of health care system and its finances, while maintaining or improving the quality and 
safety of healthcare.
Although demands for health care are rising, length of stay of patients in hospitals has 
decreased substantially the last decennium [10]. Length of stay reduction has been 
encouraged by measures from the Dutch Ministry of Health Care and the introduction 
of a new financings system in 2006, the Diagnosis Treatment Combination system 
(DBC system) [10, 11]. As patient turnovers are relatively high while the complexity of 
patients has increased, the burden for hospital staff has expanded substantially. How-
ever, there is currently an impending shortage of both medical and nursing profession-
als [12]. In addition, medical care is increasingly differentiated as medical doctors are 
getting more specialized to be able to treat high complex patients and use advanced 
technologies [13]. To avoid fragmentation of care and to be able to adequately treat 
multimorbid patients, there is also urgency for generalist medical care.
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In short, important challenges for health care include the rising demand for health care, 
increasing complexity of patients, the introduction of advanced technologies, rising 
patient expectations, the increasing health expenditures and the impending shortage 
of health care professionals. One of the strategies to address these challenges, which is 
taken by the Dutch Ministry of Health Care, is the revision of professional roles.
Revision of professional roles
Revision of professional roles has been proposed as one of the solutions to address 
the challenges the health care system is facing. Three categories of professional role 
revision between physicians and nonphysician clinicians have been specified [14]:
•	 Substitution: Exchanging one type of professional for another. These substitutes 
manage a wide variety of patient problems, without reference to a physician 
•	 Delegation: Shifting care provision from a higher grade to a lower grade person, yet 
responsibility remains with the higher grade professional 
•	 Supplementation: Extending the care of the physician by providing a new care 
service, which did not yet exist 
In practice, the revision of professional roles is complex and often entails a mix of the 
above mentioned categories. Besides, the changing position of professionals not only 
raises autonomy, power and reimbursement issues for individual health care profes-
sionals, but also involves context and social transformations in health care profes-
sions and health care organizations [15]. In the light of professional role revision, non 
physician clinicians, such as Nurse Practitioners and Physician Assistants, have been 
introduced into the medical domain in order to take over medical tasks from medical 
doctors (MDs) [16].
The Physician Assistant profession
A Physician Assistant (PA) is a health care professional who is licensed to practice 
medicine in defined domains, in collaboration with MDs but with a substantial 
degree of professional autonomy [17]. PAs obtain medical history, perform physical 
examinations, request and interpret additional testing, render medical diagnoses and 
treatment procedures, and prescribe medication. They also perform specific medical 
procedures, such as endoscopies, catheterizations, elective cardioversion and minor 
surgeries [17, 18]. In addition, PAs contribute to the quality of care by developing clini-
cal protocols, initiate or participate in quality improvement projects and educational 
programs [19].
11
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r 1The PA was first introduced in the sixties of the previous century in the United States 
and then rapidly spread across the country [17]. PAs in the United States have a long 
history in medicine, especially in primary care. Since the year 2000 there has been a 
shift from primary care to hospital care, and currently about two third of all PAs are in a 
surgical or medical subspecialty [20]. In the Netherlands PAs have been introduced in 
2001 [21] and since then, the number is increasing yearly (Figure 1). In contrast to the 
United States, the majority has traditionally been employed in hospitals, especially to 
take care of hospitalized patients within a certain surgical or medical specialty. In 2016, 
approximately 760 graduated PAs are employed in the Dutch health care system [22], 
on a total of about 60 000 registered physicians [23]. In the next few years, it is expected 
that about 150 PAs will yearly complete their Master program [24]. 
Dutch PA students are professionals with a health care-related bachelor’s degree in 
nursing or an allied health profession, and have at least two years of clinical work 
experience in the health care domain. They follow a 30-month training program 
at a Master’s degree level at one of the five Universities of Applied Sciences in The 
Netherlands. Different from other countries, the Dutch PA programs incorporate a dual 
work-education model, which means that students are employed within a particular 
medical specialty from the day of their enrollment in the master’s PA program. The stu-
dents undertake didactic and clinical education within this medical specialty from the 
beginning until the end of the curriculum [25, 26].  Physician Assistant is a protected 
title by law. The legislation is written in the Individual Health Care Professions Act (Wet 
BIG), article 36a. The autonomy of PA practice varies considerably with experience, 
training, practice setting, and employer expectations. As of January 2012, PAs were 
legally authorized to prescribe medication autonomously and to indicate and perform 
specific medical procedures without supervision by a temporarily enacted legislation 
[27]. After an extensive evaluation [28], the legislation became permanent in 2017.
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Substitution of medical ward care to Physician Assistants
One of the tasks that is increasingly substituted from MDs to PAs, is the delivery and co-
ordination of general medical care for hospitalized patients for a specific medical spe-
cialty [29]. Traditionally, this medical care on hospital wards was provided by medical 
residents, who are supervised by medical specialists. However, because of increased 
appreciation of continuity of care, a growing pressure to deliver health care efficiently, 
and a (local) shortage of residents, this care has increasingly been reallocated to PAs 
[30, 31]. Literature suggests that PAs add to the quality of care by increasing continuity 
for both patients and hospital staff [32-34]. The turnover of house staff is traditionally 
high due to use of recent medical graduates who are planning to do fellowships and 
the mandatory rotational cycles. PAs generally do not rotate and constitute a factor of 
stability in the continually changing medical workforce at a hospital department.
PAs who provide medical care for admitted patients usually work in a team compro-
mising both PAs and MDs (i.e. medical residents or medical specialists). The tasks and 
responsibilities of PAs who are employed for medical ward care are largely comparable 
with the tasks of the residents. PAs have the same authorizations as residents: they 
can make indications for treatment and are allowed to perform predefined medical 
procedures and subscribe medication. It is expected that within the next decades the 
role of PAs in the management of hospitalized patients will increase worldwide. 
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Since the first introduction of the PA, several North-American studies have examined 
their performance. This body of evidence in different domains suggests that PAs can 
provide high-quality care in a large range of medical disciplines [30, 35, 36]. The studies 
indicate that they provide care that is comparable to that of MDs, with high levels of 
patient satisfaction [37-40]. Although there is international evidence for both efficacy 
and effectiveness supporting the reallocation of care from MDs to PAs, current research 
does not cover all settings and professions [16, 36]. Many studies concern primary and 
critical care settings, while studies assessing the effects of substitution of non-acute 
inpatient medical care are scarce. Only a few studies have compared non-acute inpa-
tient care delivered by a PA-based team with the care delivered by a resident-based 
team [40-45]. Overall, these studies suggested that quality of care for admitted pa-
tients delivered by a PA-based team is comparable to that of a resident-based team, 
and that patient evaluations are at least as good. Results of PA employment on length 
of stay and cost-effectiveness varied across the studies. So far all studies concerned 
one clinical discipline within one hospital, which reduces the generalizibility of find-
ings of these studies. Besides, most of these studies compared a hospitalist/PA model 
with the traditional resident-based model, while hospitalists were not yet present in 
medical care in The Netherlands at the start of this study at January 2012. Hospitalists 
are physicians who completed a specialization in hospital medicine and who practice 
emphasizes providing care for hospitalized patients. Their activities include patient 
care, teaching, research, and management related to hospital medicine. Hospitalists 
have been introduced in the United States already in 1996 [46]. In the Netherlands, 
they have been introduced in 2012. The first Dutch hospitalists graduated in 2016 [23]. 
Concerns have been expressed regarding potential adverse effects of involving PAs, 
such as negative impacts on patient safety and continuity of health care delivery. 
An extra health care professional might for example fragment the continuity of care, 
which could lead to more medical errors and dissatisfied patients [47]. Given the out-
comes of the available studies and their limitations, we conducted a multicenter study 
which included PAs providing care to hospitalized patients including different clinical 
disciplines and hospitals.
Aim and outline of this thesis
The central aim of this thesis was to determine the cost-effectiveness, quality and 
safety of hospital ward care by a PA-based team compared to a team with physicians 
only (chapter 4, 5 and 6). Additional aims were to provide insight into the different 
models of medical ward care and the tasks and responsibilities of the PAs and MDs 
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(chapter 3), and to identify the barriers and facilitators which care providers experience 
in both the initial employment of PAs for inpatient care as well as the sustainability of 
this employment (chapter 7).
Chapter 2 presents the study protocol of the main study, which aimed to determine 
the effects of the implementation of PAs in inpatient care on cost-effectiveness, quality 
and safety of care and experiences of patients. We also describe briefly the methods 
used for the qualitative study on the barriers and facilitators for the implementation 
of PAs. 
Chapter 3 describes the results of a cross-sectional study with which we aimed to 
provide insight into different organizational models of medical ward care, and the 
position, tasks and responsibilities of PAs and MDs who provide medical care at wards 
in Dutch hospitals. Online questionnaires for the PAs, residents, medical specialists 
and heads of department were used to collect the data.
Chapter 4 presents the effects of substitution of medical ward care from MDs to PAs on 
patients’ length of stay, quality and safety of care, and patient experiences. To measure 
these effects, we conducted a multicenter matched-controlled study comparing the 
care on 17 hospital wards on which medical care was provided by a PA-based team, 
with 17 wards on which medical care was provided by physicians only. In total, 2307 
patients were included for analysis.
Chapter 5 describes the results of the implementation of PAs on cost-effectiveness. 
This economic evaluation was performed alongside the multicenter non-randomized 
matched controlled study. The primary health outcome was quality-adjusted life years 
(QALY). The primary cost outcome included all direct health care costs from day of 
admission till one month after discharge.
Chapter 6 evaluates the adherence to guidelines about drug prescribing by the PA-
based teams in comparison with the teams with physicians only. To measure this, a 
set of 17 quality indicators has been composed by means of a consensus procedure. 
Required data were retrospectively derived from patient medical records.
Chapter 7 presents a qualitative study on the barriers and facilitators which different 
types of care providers experience in both the initial employment of PAs for inpatient 
care as well as the sustainability of this employment. To collect data, semi-structured 
interviews were held with 32 care providers across 11 different hospital wards.
15
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tions for clinical practice, education and future research are formulated. The thesis 
concluded with a summary in English and in Dutch. 
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Abstract
Background: Because of an expected shrinking supply of medical doctors for 
hospitalist posts, an increased emphasis on efficiency and continuity of care, 
and the standardization of many medical procedures, the role of ward physician 
is increasingly allocated to physician assistants (PAs). PAs are nonphysician clini-
cians with medical tasks. This study aims to evaluate the effects of substitution 
of hospital ward care to PAs.
Methods/Design: In a multicenter matched controlled study, the traditional 
model in which medical care for admitted patients is provided solely by medical 
doctors (MD model), is compared with a mixed model in which a PA provides 
medical care, contingent with MDs (PA/MD model). Seventeen intervention 
wards and seventeen control wards are included across The Netherlands, from 
a range of medical specialties. Primary outcome measure is patients’ length 
of hospital stay. Secondary outcomes include indicators for quality of hospital 
ward care, patients’ experiences with medical ward care, patients’ health-related 
quality of life, and health care providers’ experiences. An economic evaluation 
is conducted to assess the cost implications and potential efficiency of the 
PA/MD model. For most measures, data is collected from medical records or 
questionnaires in samples of 100 patients per hospital ward. Semi-structured 
interviews with health care professionals are conducted to identify determinants 
of efficiency, quality and continuity of care and barriers and facilitators for the 
implementation of PAs in inpatient care.
Discussion: Findings from this study will help to further define the role of non-
physician clinicians and provides possible key components for the implementa-
tion of PAs in hospital ward care. Like in many studies of organizational change, 
random allocation to study arms is not feasible, which implies an increased risk 
for confounding. A major challenge is to deal with the heterogeneity of patients 
and hospital departments. 
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Introduction
Background
Health care systems across the world face a number of challenges, such as a rising 
demand for health care services, a growing number of chronic ill patients and rising 
patient expectations. Concurrently, the supply of medical doctors (MDs) is constrained 
in most countries, leading to workforce shortages [1]. Nonphysician clinicians have 
been introduced into the medical domain in order to take over tasks from MDs [2]. An 
example of a nonphysician clinician is the Physician assistant (PA), a health care pro-
fessional licensed to practice medicine in defined domains, in collaboration with MDs 
but with a substantial degree of professional autonomy [3]. PAs obtain medical his-
tory, perform physical examinations, request and interpret additional testing, render 
medical diagnoses and treatment procedures, and prescribe medication. They also 
perform specific medical procedures, such as endoscopies, catheterizations, elective 
cardioversion and minor surgeries [3,4]. In addition, PAs contribute to the quality of 
care by developing protocols, initiate or participate in quality projects and education 
programs [5]. 
The PA was first introduced in the sixties in the United States and then rapidly spread 
across the country [4]. In the Netherlands, the first PAs were introduced in 2001 [6,7]. 
Currently approximately 630 graduated PAs are employed in the Dutch health care 
system, on a total of about 65 000 registered physicians [8]. In the next few years, about 
120 PAs will yearly complete their Master program. Contrary to the United States, where 
the majority of PAs work in primary care settings, most Dutch PAs (about 75%) work in 
the hospital settings [9]. The majority works at general surgery, surgical subspecialties, 
cardiology, anesthesiology or internal medicine [10]. Table 1 shows the main features 
of the Dutch PAs.
Since the first introduction of the PA, several studies have examined their performance. 
This body of evidence suggests that PAs can provide high-quality care in a large range 
of medical disciplines [11-14]. The studies indicate that they provide care that is com-
parable to that of MDs, with high levels of patient satisfaction [15-18]. Although there is 
international evidence for both efficacy and effectiveness supporting the reallocation 
of care from MDs to PAs, current research does not cover all settings and professions 
[2,13]. Many studies concern primary and critical care settings, while studies assessing 
the effects of substitution of non-acute inpatient medical care are limited. Some stud-
ies show methodological limitations like single centered, non-randomized, a relatively 
small sample size or no control condition. Besides, concerns have been expressed re-
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garding potential adverse effects of involving PAs, such as negative impacts on patient 
safety and continuity of health care delivery.
Table 1. Features of Dutch PAs  
Features of Dutch PAs [7, 10] 
•	 PAs follow a 30 month training program at a Master’s degree level
•	 The Dutch PA programs incorporate a dual work-education model, which means that students are 
employed within a particular medical specialty while enrolled in the master’s PA program. The students 
undertake didactic and clinical education within this medical specialty from the beginning till the end of 
the curriculum.
•	 PA students are professionals with a health care-related bachelor’s degree and at least 2 years of clinical 
work experience in the health care domain.
•	 PAs conduct low to moderately complex medical tasks within a certain specialty, both in primary and 
secondary care. Most PAs practice in the hospital setting. The majority works at general surgery, surgical 
subspecialties, cardiology, anesthesiology or internal medicine
•	 Since January 2012, PAs are authorized to indicate and perform predefined medical procedures and 
subscribe medication without supervision. The scope of practice will be re-evaluated in 2017.
•	 Physician Assistant is a protected title by law. The legislation is written in the Individual Health Care 
Professions Act (Wet BIG), article 36a
In this study we focus on patients admitted to a hospital, who are taken care by ward 
physicians. Ward physicians are responsible for the coordination of the daily medical 
care of hospitalized patients [19]. This role has traditionally been fulfilled by medi-
cal residents (MRs) and occasionally by medical specialists. In recent years, inpatient 
care has been increasingly reallocated to PAs [3,11], facilitated by technological in-
novations and the standardization of many medical procedures by clinical protocols 
[20,21]. In 2013, approximately 200 graduated PAs were employed for inpatient care 
in the Netherlands. When PAs are employed for inpatient care, the applied model to 
cover 24/7 ward care is often a mixed model that contains both PAs and MDs, compris-
ing a patient medical care team. The tasks of PAs in such a team are comparable to 
those of the MDs. The PAs, however, tend to work during daytime on weekdays, while 
MDs often work during evenings, nights and weekends. It is anticipated that within the 
next decades PAs will be increasingly employed in the management of hospitalized 
patients for a range of different specialties. However, empirical evidence about the 
consequences of reallocating medical ward care from MDs to PAs for the quality and 
safety of care is currently limited.
Study aim
The primary aim of this study is to determine the effectiveness of hospital ward care 
by MDs compared to a patient medical care team consisting of both PAs and MDs. It 
is hypothesized that due to reallocation of care to a fixed number of PAs per hospital 
ward, inpatient care becomes more standardized and continued resulting in improved 
care, which will be reflected by shorter hospital stay. To measure effectiveness we 
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therefore choose length of hospital stay (LOS) as primary outcome measure. Besides 
the effectiveness, also the effects on quality and continuity of care and patient and 
care provider experiences are investigated. 
Methods/Design
Study design and population
A multicenter non-randomized matched-controlled study is performed in The Neth-
erlands, comparing wards utilizing a mixed ‘PA/MD model’ (intervention group) with 
wards utilizing a solely ‘MD model’ (control group, usual care). Control wards are 
matched with the intervention wards on the basis of medical specialty and hospital 
type (i.e. academic versus non-academic). Data collection runs parallel for each pair 
of matched intervention and control ward, with a maximum deviation of two weeks.
Study setting
Hospital wards are being assigned to the intervention group if the PA has completed 
an accreditated master’s PA degree and covers at least 51% of the available ward care 
hours per week during dayshifts (8 h-18 h) on weekdays. Wards are assigned to the 
control group if solely MDs provide care for the admitted patients. Exclusion criteria 
at ward level are: 1) Nurse practitioners (including in training) employed for inpatient 
care; 2) Only non-graduated PAs for inpatient care; 3) Psychiatric and pediatric wards 
and intensive care units. In order to enhance the generalizibility of findings we include 
a heterogeneous sample of hospitals across the country and a mix of medical special-
ties.
Study population
The focus of this study is on the patients admitted to the included hospital wards. 
Exclusion criteria at patient level are: 1) Patients younger than 18 years; 2) Terminally 
ill patients; 3) Patients in daycare. Daycare is defined as hospital admissions which 
are intended to last 24 hours or less. For patients who are not able to fill in question-
naires (e.g. patients with cognitive impairment), family relatives are asked to fill in the 
questionnaires. Besides the patients, also the PAs, MDs, and a sample of ten nurses 
who are employed at the included ward are involved as study objects. The sample of 
nurses is established by selecting the first ten nurses who are scheduled for a dayshift 
during the third week from data collection.
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Primary outcome
LOS is the primary outcome measure. Reducing LOS is important for payers of health 
care and for many patients. LOS is defined as the time period in days between date 
of discharge and date of admission. To control for discharge delay for nonmedical 
reasons, i.e. delay attributable to waiting times for a place in a nursing home or a 
rehabilitation clinic, or help in the patient’s own home, we also register the date of 
completion of medical treatment in the hospital.
Secondary outcomes
Quality of hospital ward care
To assess the quality of ward care, a set of eleven global clinical and process indica-
tors has been selected from the literature and suggestions by a physician panel (Table 
2). The clinical indicators were derived from a national set of indicators for quality of 
hospital care from the Dutch Health Care Inspectorate (IGZ) [22]. All indicators cover a 
period of maximum one month after discharge. 
Table 2. Clinical and process indicators for quality and safety of ward care
Clinical indicators
•	 Inhospital mortality
•	 Unplanned transfer to intensive care unit
•	 Cardiopulmonary resuscitation
•	 Pressure sore developed during admission
•	 Fever: number of days temperature ≥38
•	 Pain score: number of days Numeric Rating Score ≥7
•	 Hospital infections: infusion-, urinary track-, airway-, and postoperative wound infections
•	 Presentation at department of emergency, within one month after discharge
•	 Non-elective readmission within one month after discharge
Process indicators
•	 Days between discharge and letter of discharge
•	 Introduction of the PA or MD  to the patient less then 24h after hospital admission
Abbreviations: PA = Physician Assistant; MD = Medical Doctor
Data about unplanned readmission and presentation at emergency department after 
discharge are collected using self-administered patient questionnaires, which are 
send at one month after discharge date. Information about the other indicators will be 
retrospectively derived from patient medical records.
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Patients health-related quality of life
Generic health-related quality of life is measured with the Euroqol-5D (EQ-5D), which is a 
widely used validated questionnaire containing five domains: mobility, self-care, usual 
activities, pain, and anxiety/depression [23]. Each domain has three possible levels 
indicating; no problems, moderate problems or sever problems. Besides, respondents 
are asked to value their overall health status on a visual analog scale, ranging from 0 
(defined as the worst imaginable health state) to 100 (defined as the best imaginable 
health state). The EQ-5D is assessed by patient questionnaires at three time points: at 
admission, discharge and one month after discharge.
Patient experiences with medical ward care
Patient experiences with medical ward care are assessed by a self-administered ques-
tionnaire at discharge. This questionnaire focuses on satisfaction with communication, 
experienced continuity of care and cooperation, and the patients view on the medical 
competencies of the PA or MD who provides the medical care. Patient perceptions on 
communication skills of the PA or MD are measured with the Communication Assess-
ment Tool (CAT), which consists of 15 questions and can be rated on a 5 point Likert 
scale, ranging from ‘poor’ to excellent’. Although not validated in the Netherlands, the 
CAT has already proven to be a reliable and valid instrument in the hospital setting in 
the US [24]. Three subscales from the ‘Chronically Ill Patients Evaluate general Practice’ 
(CEP) questionnaire were added to measure the items satisfaction with continuity of 
care, cooperation of ward care providers, and medical competencies of the PA or MD 
[25]. Each item will be rated on a six point Likert scale, ranging from ‘poor’ to ‘excel-
lent’. As this questionnaire has only been validated for primary care, psychometric 
properties will be examined in this study. To ensure that patients know who their care 
provider is, we include photos of the concerning PA or MD in the questionnaire. To 
assess whether patients understood the questions asked in the self-administered 
questionnaires, we pre-tested the questionnaire in a sample of ten patients admitted 
to two hospital wards in different hospitals. 
Health professionals’ work experiences and job characteristics
An online questionnaire is compiled to measure job satisfaction, distress outcomes 
and other job characteristics of the care providers working at the included hospital 
wards; i.e. all MDs and PAs who are in charge of the admitted patients, and a random 
sample of ten nurses in each of the participating wards.
Job satisfaction is assessed with the McCranie Job Satisfaction Scale, which consists 
of 13 questions which can be rated on a 6-point Likert scale, ranging from very dissatis-
fied to very satisfied [26]. The questionnaire addresses satisfaction with the amount of 
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time which is available per patient, satisfaction with the level of work challenge, and 
satisfaction with the collaboration with nurses, medical specialists and medical resi-
dents. Some items were rephrased to make them appropriate for the specific profes-
sion of our interest and some questions were added. For all professions we additionally 
ask about satisfaction with collaboration with PAs. Besides, in the questionnaire for 
medical specialists a question about satisfaction with time spend on supervision was 
added. In the questionnaire for the PAs and MDs who are employed for inpatient care, 
we additionally ask for satisfaction with the received supervision. Finally, respondents 
are asked to value their overall job satisfaction on a visual analog scale, ranging from 
1 (extremely unsatisfied) to 10 (extremely satisfied). 
Job stress is assessed by the 12-item General Health Questionnaire (GHQ-12). The 
GHQ-12 is a unidimensional, validated scale which comprises questions regarding 
anxiety, depression, social dysfunction, and loss of confidence. Statements are rated 
on a 4-point rating scale (symptom present: “not at all” = 0, “same as usual” = 0, “more 
than usual” = 1, and “much more than usual” = 1) GHQ-12 scores range from 0 to 12 
with a higher score indicative of poorer psychological well-being [27]. 
Workload of the PA or MD is measured in terms of number of patients seen per day 
and weekly overtime hours. We ask them for the number of hours per week spend 
on both direct and indirect patient contacts at the hospital ward, and the number of 
hours per month spend on non-patient related tasks like participating in quality and 
patient safety projects and performing scientific research. In the questionnaire for the 
PAs and MDs who provide medical ward care, we additionally ask for the number of 
hours spend on patient related tasks which are not performed at the hospital ward, 
like performing medical procedures or supporting outpatient care. Besides, we ask the 
PA or MD how much supervision time they obtain, and the medical specialists how 
many time they spend on supervision.
Continuity of care
Effects of substitution of hospital ward care on patient experienced continuity of 
care are measured by a set of questions in the patient questionnaire at discharge, as 
described in the section ‘patients experiences with medical ward care’. Additionally, 
continuity of care is established by evaluating work schedules. All PAs and MDs who 
provide medical ward care are asked to fill in their real work schedule during fixed 
weeks: week 3, 7, 11 and 15 after the start of the inclusion of patients. Continuity of care 
will be assessed by counting the number of rotations during these fixed four weeks. 
Data collection runs parallel for each pair of matched intervention and control ward.
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Qualitative research
Semi-structured interviews are conducted to identify determinants which contribute 
to the safety, clinical effectiveness and cost-effectiveness of hospital ward care by 
PAs. Also barriers and facilitators for the implementation of PAs in inpatient care are 
explored. The interviews are held with a sample of PAs, (specialized) MDs, heads of the 
departments and nurses. Sampling is done purposively. A variety of care providers are 
include, covering different medical specialties and medical ward care models. Inter-
views will be taken until data saturation is achieved on the basis of interim-analyses 
after each set of five to eight interviews, with a minimum of twenty interviews. A 
topic list, which will be refined iteratively during the process of data collection and 
analysis, is used to frame the interview. The TICD framework of Flottorp et al is used 
to standardize the reporting of barriers and facilitators [28]. Barriers are analyzed in 
the context of the innovation itself, the individual professional and the patient, and 
the social context, the organizational context and the economic and political context.
Economic evaluation
To assess the cost implications and efficiency of substitution of hospital ward care 
from MDs to teams with PAs, an economic evaluation is conducted alongside the 
outcomes evaluation. This economic evaluation is based on the general principles of a 
cost-effectiveness analysis, except that the time horizon per included patient is limited 
to one month after discharge. If equivalence of effects is established the economic 
decision rule alters in ‘cost minimization’. The primary cost outcome for the economic 
evaluation is costs associated with the principal admission (LOS, resource use, consul-
tation of health care suppliers, salaries) and costs that occurred after discharge that 
is potentially related to hospital ward care (unplanned readmission, presentation at 
emergency departments, visits of general practitioner, required home care, produc-
tivity loss) in a period from admission until one month after discharge (Table 3). The 
primary effect outcome in the economic evaluation is EQ- 5D based QALYs. We will also 
analyze costs in relation to LOS, the primary outcome in the outcomes evaluations. 
Besides these costs and effects, information about patient characteristics such as 
gender, age, primary diagnoses and co-morbidities are collected in order to account 
for patient case-mix as far as possible. All patient-related volumes are collected in 
detail at an individual patient level, primarily from medical patient records and patient 
and care provider questionnaires. Costs will be calculated by multiplying the volumes 
of health care use with corresponding unit prices, derived from the Dutch Manual for 
Costing Research [29], which also include organizational overhead costs. All figures 
will be related to the price level of the same year.
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Table 3. Volumes included in the economic evaluation
Volume Unit
During hospital stay at the included ward*
Length of hospital stay Number of days
Non-elective transfer to intensive care unit Number of days
Resource use:
   Surgery Type of surgery
   Medication Frequency, dose and  type of medicine
   Laboratory tests Frequency and type of blood test
   Radiographic imaging Frequency and type of radiographic imaging
   Scopic tests Frequency and type of scopic test
   Blood components Number of units 
Consultation with health care suppliers‡ Number of consultations
Medical ward staff:
   Salary of the PA and/or MD who is employed for  
   inpatient care
Working hours per week 
   Supervision by medical specialist   Number of hours supervision per week
During the first month after discharge†
Non-elective presentation at emergency department 
after discharge
Number of presentations at emergency department
Non-elective readmission Number of days
Non-elective visit to GP Number of visits to GP post
Number of visits by GP at patient’s home
Number of visits to GP
Number of telephone contacts with GP
Required nursing home care Number of hours per week
Required domestic home care Number of hours per week
Abbreviations: GP = General Practitioner
* Assessed by extraction of patient medical records
† Assessed by patient questionnaires one month after discharge
‡ e.g. medical specialist, physiotherapist, dietician, diabetes nurse, occupational therapist, medical social 
work, psychologist
Confounders
Because of the non-randomized character of this study and the heterogeneity of pa-
tients and hospital wards, there is a risk of confounding. We will correct for a number of 
predefined confounders in the statistical analyses. The covariables related to patients 
are: gender, age, education, ethnicity, marital status, smoking status, body mass index, 
primary diagnosis, co morbidities, number of prior hospitalizations, type of admission 
(elective or emergent), discharge destination and the health-related quality of life at 
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admission. Health care provider factors are gender, age, highest education, profes-
sion, years since graduation, years on the job, extent of employment, regularity of work 
schedules and workload. Hospital ward characteristics are medical specialty, hospital 
type, teaching status, number of admissions, bed occupancy, and number of MDs, PAs 
and nurses are assessed. Covariables are extracted from patient medical records and 
patient and care provider questionnaires.
Sample size calculation
To detect a relative difference in LOS of 20% between the mixed ‘PA/MD model’ and 
solely ‘MD model’, assuming an average LOS of 6 days (SD 4.8) [30], alpha 5%, power 
80%, ICC of 0.06 and an expected drop-out of two matched pairs, 34 wards (17 in each 
arm) with each 100 patients are required. In case of no drop out, 50 patients per ward 
are sufficient to detect a significant difference in LOS. The number of in depth inter-
views depends on the moment data saturation is attained.
Data analyses
To compare hospital wards utilizing a mixed ‘PA/MD model’ with wards utilizing a 
solely ‘MD model’, we use logistic regression analyses for dichotomous outcomes and 
linear regression analysis for continuous outcomes, both with random coefficients 
to account for statistical clustering of data in hospital wards. The analysis is on an 
intention to treat basis and matching will be taken into account. Missing values are 
substituted by multiple imputation techniques. Multivariable models are constructed 
to correct for potential confounders. Covariables are included in the final model only 
if they modify the regression coefficient of ward care model (i.e. the central determi-
nant) by more than 10% (regardless of statistical significance of effects). Explorative 
subgroup analyses per medical specialty will be conducted for each set of at least 
six wards with similar specialty are included. All estimates are calculated with 95% 
confidence intervals.
Economic analyses
Discounting of costs and effects is applied as recommended for health economic 
evaluations in The Netherlands [29]. A comparison is made between the intervention 
and control group on incremental costs and incremental effects. The incremental cost-
effectiveness ratio (ICER) will be calculated as follows: ICER = (Δ costs/Δ effects) where 
Δ costs represents the difference in annual mean costs between intervention and con-
trol group, and Δ effects represents the difference in QALYs between the two groups. 
The uncertainty associated with estimates is explored with a bootstrap resampling 
procedure to produce cost-effectiveness planes as well as targeted one-way sensitivity 
analyses of potential drivers of key cost (such as type of ward). The bootstrapped ICERs 
Chapter 2
30
will be presented in a cost-effective acceptability curve displaying the probability that 
the intervention is cost-effective for a wide range of willingness-to-pay thresholds. P-
value is set at 0.05 to indicate statistical significance. To test for several assumptions 
(i.e. cost-prices and salary), one-way sensitivity analyses will be conducted on the 
range of extremes. 
Qualitative data analyses 
The semi-structured interviews are audio-taped and transcribed verbatim with partici-
pants consent. A deductive process of thematic analysis is used to classify responses 
within themes. The theoretical domains previously described are used as the coding 
framework. Analyses are conducted in Atlas.ti software. Two researchers will code and 
analyze the transcript independently to reduce subjectivity. Consensus is reached 
by discussion. Member checking confirm the credibility of the data: each participant 
will be given a full transcript of the interview with a summary of themes to determine 
whether the themes were appropriately identified and matched their responses.
Ethical considerations
The research ethics committee of the Radboud university medical center has declared 
that this study doesn’t fall within the remit of the Medical Research Involving Human 
Subjects Act (WMO) (registration number 2012/306). This means that this research can 
be carried out without an approval by an accredited research ethics committee. All 
data will be handled strictly confidential. Written informed consent is obtained from 
all patients.
Discussion
To our knowledge, this is the first multicenter study which investigates the efficacy and 
effectiveness of reallocation of hospital ward care from MDs to PAs. Most international 
studies on reallocation of care to PAs are restricted to primary or critical care, limited 
to one outcome measure, or are of insufficient methodological quality [2].The major 
strengths of this study are the multicenter design and the broad view; we perform 
measurements both at patient, care provider and hospital ward level. A wide variation 
of instruments and methods is used to obtain data; we use both quantitative measure-
ments (medical patient records, patient and care provider questionnaires, work sched-
ules) and qualitative measurements (semi-structured interviews). As a consequence, 
we provide not only useful information about the objective effects of reallocation of 
hospital ward care on a range of outcomes, but we are also able to determine barriers 
and facilitators for the implementation. 
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One of the limitations is the non-randomized design of this study. In the Netherlands, 
PAs followed a so-called ‘dual program’, which means that students are employed 
within a particular medical specialty while enrolled in the master’s PA program (Table 
1). After graduation, PAs are intended to be employed at the same department. The 
suggestion of randomly relocating the graduated PA to other hospital wards would 
lead to resistance among the medical specialists who put considerable effort and 
time to training and supervision. The non-randomized character of this study implies 
an increased risk for confounding, which we will take into account in the multivari-
able analyses. Another challenge is to deal with the heterogeneity of patients across 
hospital wards. Each hospital differs slightly in determinants like the organization of 
ward care (care by medical resident or specialist, arrangement of supervision), poli-
cies about quality of care, patient case-mix and medical subspecialties, which might 
reduce explained variation and subsequently reduce the power of this study. When ap-
propriate, we will conduct explorative secondary quantitative and qualitative analyses 
to explain heterogeneity. 
This multicenter study adds to the current body of knowledge by creating more 
knowledge of the effects of task reallocation in hospitals on the efficiency, quality and 
continuity of care. Findings from this study will help to further define the role of non-
physician clinicians and provides possible key components for the implementation of 
PAs in hospital ward care.
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Abstract
Rationale, aims and objectives: Medical ward care has been increasingly 
reallocated from medical doctors (MDs) to physician assistants (PAs). Insight into 
their roles and tasks is limited. This study aims to provide insight into different 
organizational models of medical ward care, focusing on the position, tasks and 
responsibilities of the involved PAs and MDs.
Methods: In this cross-sectional descriptive study 34 hospital wards were 
included. Characteristics of the organizational models were collected from the 
heads of departments. We documented provider continuity by examination of 
work schedules. MDs and PAs in charge for medical ward care (n = 179) were 
asked to complete a questionnaire to measure workload, supervision and tasks 
performed.
Results: We distinguished four different organizational models for ward care: 
medical specialists in charge of admitted patients (100% MS), medical residents 
in charge (100% MR), PAs in charge (100% PA), both MRs and PAs in charge (mixed 
PA/MR). The wards with PAs had the highest provider continuity. PAs spend 
relatively more time on direct patient care; MDs spend relatively more time on 
indirect patient care. PAs spend more hours on quality projects (P = 0.000), while 
MDs spend more time on scientific research (P = 0.030).
Conclusion: Across different organizational models for medical ward care, we 
found variations in time per task, time per bed and provider continuity. Further 
research should focus on the impact of these differences on outcomes and ef-
ficiency of medical ward care.
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Introduction
Background
In recent years, hospital care is characterized by increasing demands for efficiency in 
health care, a rising prevalence of chronic diseases, ongoing specialization in medi-
cal disciplines and increasing dependence on new technologies [1]. In light of these 
developments, many hospitals, particularly in the United States, have adopted the 
hospitalist model as one of the primary methods to cope with these challenges [2,3]. 
Hospitalists are responsible for the delivery and coordination of the general medical 
care of the hospitalized patients [4]. Their work includes daily ward rounds, performing 
physical examinations, making decisions regarding necessary tests, treatments and 
procedures, render medical diagnoses and generating and reviewing clinical data [3]. 
In the Netherlands, medical care on hospital wards is mostly provided by medical resi-
dents (MRs). These residents cover medical care for the admitted patients at a specific 
hospital department and are being supervised by medical specialists (MSs) who are 
easily accessible.
Because of a growing need for cost-effective delivery and a local shortage of MRs, as 
well as concerns about the quality and safety of clinical processes, in for example the 
United States, Canada, England and the Netherlands medical ward care has been 
increasingly reallocated to physician assistants (PAs) [5–7]. A PA is a non-physician 
health care professional licensed to practice medicine in defined domains, with vari-
able degrees of professional autonomy [8]. The PA profession in the Netherlands has 
been in existence since 2001 and has been described previously [9]. In short, Dutch 
PA students are professionals with a health care related bachelor’s degree and at 
least 2 years of clinical work experience in the health care domain. After that, they 
follow a 30-month training program at a master’s degree level. Different from other 
countries, the Dutch PA programs incorporate a dual work–education model, which 
means that students are employed within a particular medical specialty from the day 
of their enrolment in the master’s PA programs. The students undertake didactic and 
clinical education within this medical specialty from the beginning until the end of 
the curriculum [10,11]. PAs conduct low to moderately complex medical tasks within 
a certain specialty, both in primary and secondary care. In the Netherlands, most of 
them practice in the hospital setting. Since January 2012, PAs are authorized to indi-
cate and perform predefined medical procedures and subscribe medication without 
supervision. 
As new as hospitalists are, PAs providing medical care at hospital wards is an even 
newer concept and the specific roles and responsibilities widely vary. Often, PAs who 
Chapter 3
38
are employed for medical ward care work in a system of collaborative care that con-
tains both PAs and medical doctors (MDs), comprising a patient medical care team. 
Several American studies have examined the safety and quality of care provided by 
PAs. These studies indicate that PAs provide care of quality and efficiency similar to 
that of traditional house staff services [12–17]. These studies lack, however, a clear 
description of the tasks and responsibilities of PAs and MDs working on the hospital 
ward. Insight in their roles and division of work is relevant for the interpretation of the 
findings and helps to develop safe and efficient models of inpatient care.
Study aim
This descriptive study aims to provide insight into different organizational models of 
medical ward care, focusing on the position, tasks and responsibilities of PAs and MDs 
who provide medical care at wards in Dutch hospitals.
Methods
Study design
This cross-sectional descriptive study was conducted as part of a prospective mul-
ticenter study on the effectiveness of substitution of medical ward care from MDs to 
PAs, which was based in the Netherlands. The study design has been described in 
detail previously [9]. In short, a non-randomized matched-controlled study was per-
formed, comparing 17 wards on which PAs provide medical care contingent with MDs 
(intervention group) with 17 wards on which only MDs provide medical care (control 
group). MDs include medical residents (MRs) and medical specialists (MSs). Control 
wards were matched with the intervention wards on the basis of medical specialty 
(i.e. surgery, pulmonology, cardiology, internal medicine, gastroenterology, etc.) and 
hospital type (i.e. academic vs. non-academic).
Study population
For the purpose of this descriptive study, all participating hospital wards, both interven-
tion and control wards, were included (n = 34). We included all MSs (staff physicians), 
MRs and PAs who provided medical care on these wards in the previous year (n = 179).
Study measures
Measures related to hospital wards
After analysis of the first eight recruited hospital wards, we distinguished four different 
organizational models of medical care: (1) MSs are in charge of all admitted patients 
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(100% MS); (2) MRs or junior doctors are in charge of all admitted patients, with super-
vision of MS (100% MR); (3) PAs are in charge of all admitted patients, with supervision 
of MS (100% PA); and (4) both MRs as PAs are in charge of the admitted patients, with 
supervision of MS (mixed PA/MR). Because in the Netherlands the major part of the 
medical care on the hospital ward happens at daytime on weekdays, the percentages 
of these organizational models were based only on the staffing during daytime (8AM–
6PM) on weekdays, irrespective of who staffs the ward in case of emergency during 
evenings, nights and weekends. The classification remained unchanged after the 
recruitment of the other 26 hospital wards. 
Characteristics of the organizational models were collected by an online question-
naire that was administered at the start of the study by the heads of departments. In 
case of a mixed PA/MR team, we asked whether MRs and PAs care for similar patient 
groups or whether a non-random allocation of patients was made per profession. We 
documented provider continuity by examination of work schedules. All MDs and PAs 
who were employed for ward care were asked to fill in their real work schedule during 
four fixed weeks: week 3, 7, 11 and 15 after the start of the inclusion of patients, during 
daytime on weekdays. We assessed provider continuity by counting the number of 
different medical care providers during these 4 weeks. Besides, we assessed continuity 
by calculating the percentage of the total hours which were spend for medical ward 
care by the most attending MD or PA. In case of a mixed PA/MR model, we additionally 
derived the PA/MR ratio from the work schedules. The PA/MR ratio was defined as the 
percentage of all ward care hours that was fulfilled by PAs during the four fixed weeks.
Measures related to MDs and PAs
An online questionnaire was compiled and used to measure three job characteristics: 
workload, supervision and tasks performed. Workload was measured in terms of the 
number of beds per week and weekly overtime hours. We also asked how many hours 
of supervision was obtained per week. Besides, we asked for the extent of the employ-
ment by asking for the number of hours their work week contains usually. A work week 
of less than 36 h was defined as a part-time job extent. We also asked for the irregularity 
of employment. For that, we asked whether the care provider works during day shifts, 
night shifts or weekend shifts, or a combination of these. Subsequently, we asked for 
the number of hours per week spent on different tasks, divided into five categories: (1) 
direct  patient care on the ward, for example, doing ward rounds, obtaining medical 
history, performing physical examinations and conversations with patients relatives; 
(2) indirect patient care on the ward, for example, reporting in medical patient records, 
requesting additional tests, writing patient handovers and patient-related interdis-
ciplinary or multidisciplinary conversations; (3) medical procedures which are not 
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performed at the hospital ward, like surgical procedures and performing endoscopies; 
(4) outpatient contact; and (5) non-patient-related tasks. These non-patient related 
tasks were divided into five subcategories: participating in quality and patient safety 
projects, providing education (e.g. supervising medical interns, providing training for 
nursing or medical staff), performing scientific research and professional development 
(i.e. going to conferences, reading articles or textbooks). Besides, the demographic 
variables gender, age, profession, years since graduation and years working on the 
hospital ward were collected.
Measures related to patients
To provide insight into the characteristics of patients who are involved in the differ-
ent organizational models, we collected data about gender, age, ethnicity, education 
level, marital status and co-morbidity index. These variables were retrospectively 
derived from medical records from all patients who were recruited for the prospective 
multicenter study. To assess the level of co-morbidities, we used the Charlson index, 
which is a weighted estimate for co-morbidity and takes into account both the number 
and seriousness of co-morbid diseases [18].
Data analyses
Descriptive statistics were used to present the quantitative data. Medians and interquar-
tile ranges (IQR) were used for continuous variables, and proportion (%) for categorical 
variables. Outcomes related to wards and medical care providers are presented for 
the four different organizational models; that is, 100% MS, 100% MR, 100% PA, mixed 
PA/MR. Differences between the organizational models were examined using one-way 
ANOVA for normally distributed continuous variables. Kruskal–Wallis one-way analysis 
of variance was used for non-normally distributed continuous variables. Pearson’s 
chi-squared test was used for categorical variables. Statistical significance was set at 
P < 0.05. All analyses were performed with the SPSS software package version 20.0 for 
Windows.
Results
Hospital wards
Thirty-four hospital wards were included, which were spread over 23 hospitals across 
the country. All heads of the departments returned the online questionnaire measur-
ing the characteristics of the hospital wards. No answers were missing on the relevant 
questions. Four different models for medical ward care were distinguished. At four 
wards solely MS was responsible for inpatient care. At 13 wards only MRs provided 
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medical care (100% MR). At five wards only PAs were employed for medical care (100% 
PA) and at 12 wards both PAs and MRs were employed (mixed PA/MR). In the mixed PA/
MR models, median 68% (IQR 48–77) of the ward care hours were fulfilled by PAs. The 
characteristics per type of organizational model are described in Table 1. In both the 
100% PA group as in the 100% MS group, only non-teaching centers are represented. 
The 100% MR group and the mixed PA/MR group consist predominantly of teaching 
centers. The number of beds only slightly differs between the different models. 
Table 1. Characteristics of hospital wards (n=34), presented by four organizational models for medical 
ward care 
100% MS 
(n=4)
100% MR 
(n=13)
Mixed PA/MR 
(n=12)
100% PA 
(n=5)
Teaching status  
    Teaching n(%) 0 (0%) 9 (69%) 10 (83%) 0 (0%)
    Non-teaching n(%) 4 (100%) 4 (31%) 2 (17%) 5 (100%)
Medical specialty
    Cardiology n(%) 1 (25%) 0 (0%) 1 (8%) 0 (0%)
    Gastroenterology n(%) 0 (0%) 2 (15%) 2 (17%) 0 (0%)
     Head and Neck Surgical Oncology 
n(%)
0 (0%) 1 (8%) 1 (8%) 0 (0%)
    Orthopedics n(%) 1 (25%) 0 (0%) 0 (0%) 1 (20%)
    Pulmonology n(%) 1 (25%) 1 (8%) 2 (17%) 0 (0%)
    Surgery  n(%) 1 (25%) 9 (69%) 6 (50%) 4 (80%)
Number of beds  median (IQR) 25.5 (17.8-29.5) 27.0 (18.3-38.0) 22.0  (20.5-34.5) 30.0 (21.0-31.5)
Number of different ward care 
providers  median (IQR)
5 (4-6) 4 (3-6) 4 (3-5) 1 (1-2)
% of total hours medical ward care by 
most attending provider median (IQR)
38 (32-45) 43 (34-52) 65 (44-74) 100 (100-100)
Abbreviations: MS= medical specialist; MR = medical resident; PA = physician assistant;
The patient population differs significantly among the organizational models with 
regard to the demographic characteristic gender, age, ethnicity, education level and 
marital status (Table 2). There is no difference with regard to their co-morbidity. About 
40% of the patients in each organizational model had more than one co-morbid diag-
nosis according to the Charlson index. 
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Table 2. Characteristics of patients presented by four organizational models for medical ward care
100% MS 
(n=346)
100% MR 
(n=917)
Mixed PA/MR 
(n=689)
100% PA
(n=309)
p-value
Gender, male  n(%) 173 (50%) 495 (54%) 372 (54%) 139 (45%) 0.015
Age, years (mean ± SD) 65 ± 12 61 ± 16 63 ± 16 64 ± 16 0.000
Ethnicity, Dutch  n(%) 333 (94%) 894 (95%) 680 (96%) 302 (96%) 0.028
Highest education 0.002
     Low n(%) 133 (39%) 293 (32%) 255 (37%) 117 (39%)
     Middle n(%) 135 (40%) 361 (39%) 281 (41%) 101 (33%)
     High n(%) 71 (21%) 262 (29%) 150 (22%) 88  (28%)
Marital status 0.048
    No partner n(%) 26 (8%) 147 (16%) 99 (15%) 40 (13%)
    Partner n(%) 274 (80%) 685 (75%) 500 (73%) 233 (76%)
    Widow n(%) 40 (12%) 85 (9%) 84 (12%) 35 (11%)
Charlson index for comorbidity  
score ≥1 n(%)
131 (37%) 396 (42%) 300 (42%) 117 (37%) 0.060
Abbreviations: MS= medical specialist; MR = medical resident; PA = physician assistant;
All PAs and MRs who collaborate in a team on a ward with a mixed PA/MR model 
randomly divide the patients among them. No selection was applied based on, for 
example, diagnoses or complexity. The wards with the 100% PA model had the least 
number of different medical care providers (median 1, IQR 1–1.5), the wards with the 
100% MS model had the highest (median 5, IQR 4.25–5.75). The percentage of the total 
hours which were spend for ward care by the most attending medical care provider 
was also highest at the wards with the 100% PA model (median 100%), followed by the 
wards with the mixed PA/MR model (median 65%).
Measures related to PAs and MDs
Of the 179 MDs and PAs who were invited to fulfill the questionnaire, a total of 130 
completed questionnaires were returned (response rate 73%). The maximum item 
non-response was 4%. The features of different groups are presented in Table 3. Of all 
the professions, the MSs are the oldest and have the longest work experience, followed 
by the PAs. In contrast to the MSs and MRs, none of the PAs worked on nightshifts and 
weekend shifts. The fewest hours per bed was with the providers from the 100% MS 
group and the 100% PA group; respectively median 1.0 h per week per bed versus 1.3 
h per week per bed. In the mixed PA/MR models, the PAs spend median about double 
hours per week per bed (median 2.3). PAs from the 100% PA models receive the least 
supervision time in comparison to the PAs and MRs from the other organizational 
models (P = 0.002). 
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Table 3. Characteristics of  PAs and MDs employed for medical ward care (n=130), presented by four orga-
nizational models for ward care 
100% MS 
(n=19)
100% MR 
(n=71)
Mixed PA/MR (n=34) 100% PA 
(n=6)
P 
valuePA (n=17) MR (n=17)
Age, years  median (IQR) 44 (40-53) 27 (26-30) 37 (33-43) 28 (27-31) 42 (29-49) 0.000
Gender, male  n (%) 16 (84) 35 (49) 3 (18) 8 (47) 1 (17) 0.001
Years since graduation median (IQR) 7 (3-15) 1 (1-3) 2 (1.5-3) 1 (0-4) 4 (1-6) 0.000
Irregularity of work  
   Dayshifts  n (%) 19 (100) 71 (100) 17 (100) 17 (100) 6 (100) 0.916
   Night shifts  n (%) 18 (95) 49 (69) 0 (0) 12 (71) 0 (0) 0.000
   Weekend shifts  n (%) 18 (95) 61(86) 0 (0) 12 (71) 0 (0) 0.000
Job extent, part-time* n (%) 0 (0) 2 (3) 1 (6) 1 (6) 2 (33) 0.016
In charge for number of beds   
median (IQR)
12 (8-24) 16 (14-20) 17 (11-21) 15 (12.5-20) 22 (19-30) 0.049
Hours per week… 
     Working in the hospital, incl 
overtime  median (IQR)
60 (50-60) 53 (48-60) 43 (40-44) 53 (47-57) 37 (29-40) 0.000
    Overtime  median (IQR) NA 11 (7.8-20.5) 5 (4-8) 10 (7-14) 3 (2-5) 0.000
     Time medical ward care median 
(IQR)
15 (3-30) 33 (24-48) 36 (32-43) 38 (19-45) 28 (22-32) 0.001
     Time medical ward care per bed 
median ( IQR)
1.0 (0.3-1.7) 1.6 (1.2-2.9) 2.3 (1.9-3.4) 2.0 (1.2-3.0) 1.3 (1.1-1.4) 0.000
     Time received supervision  
median (IQR)
1 (0-2) 3 (2-5) 5 (4-6) 2 (1-5) 2 (1-2) 0.002
Abbreviations: MS= medical specialist; MR = medical resident; PA = physician assistant; NA= not applicable; 
IQR= interquartile range
*Part-time was defined as a working week less than 36 hours
Besides job characteristics, we also measured the tasks performed (Figure 1). The ratio 
between direct and indirect patient care on the hospital ward seems to differ between 
different organizational models. The MS from the 100% MS model and the PAs from the 
mixed PA/MR model spend similar amount of time on direct as on indirect patient care, 
while PAs from the 100% PA models spend relatively more time on direct patient care. In 
contrast, both MRs from the 100% MR models as the MRs from the mixed PA/MR models 
spent more time on indirect patient care than on direct patient care. The tasks of the PAs 
and MRs who collaborate in the mixed PA/MR model differ slightly from each other. PAs 
spend relatively more time on direct inpatient care (P = 0.020), while the collaborating 
MRs spend relatively more time on tasks which are not performed at the hospital ward, 
like outpatient contacts (P = 0.000). The total time spend on non-patient-related tasks 
is relatively highest for the 100% MR and mixed PA/MR models. Looking at the specific 
tasks (Figure 2), PAs in the mixed model seem to spend more hours on quality projects (P 
= 0.000), while MRs spend more time on scientific research (P = 0.030).
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Discussion
In the present study, we aimed to provide insight into different organizational models 
of medical ward care, focusing on the position, tasks and responsibilities of attending 
PAs and MDs. We distinguished four different models, of which the 100% MR and the 
mixed PA/MR model were the most common in this study. The relatively high number 
of MRs who are employed for medical ward care is representative for hospital care in 
the Netherlands, but differs from the situation in some other countries. Although in the 
Netherlands medical care at hospital wards is mostly provided by MRs in order to gain 
medical experience, in the United States that position is mostly fulfilled by physicians 
who are specialized in hospital medicine (hospitalists) [3,19]. This perspective might 
be changing as hospital medicine is a new specialization in the Netherlands. Currently, 
it is, however, unknown how these professionals will relate to other professionals who 
are involved in medical care at hospital wards. 
Previous research of Van Vught et al. (2014) and Moote et al. (2011) showed that an 
important reason to employ a PA is to increase continuity [20,21]. Our study may sug-
gest that provider continuity is indeed higher on the wards with the 100% PA model 
and the mixed PA/MR model than on the wards without PAs. In the literature, we did 
not identify similar analysis of medical ward care. Our results about provider continu-
ity are in line with qualitative studies showing that physicians believe that their PA 
had improved continuity [21–23].An increased provider continuity has been previously 
associated with improved patient outcomes and satisfaction [24]. Whether this is also 
the case on hospital wards in the Netherlands has yet to be investigated. Besides, we 
only measured continuity from the ward team perspective. We do not have informa-
tion about the continuity of care from the patients’ perspective, that is, the number of 
different professionals who are in charge for one patient. The better provider continu-
ity might be related to the study result that PAs work only in daycare, while MDs also 
work on nightshifts and weekend shifts. This finding is in contrast with findings from an 
American study on the role of advanced practice providers in 123 inpatient medicine 
services, showing that about 32% of all PAs works on weekend shifts and about 18% 
works on night shifts [25]. 
Our data showed that PAs and MRs in the mixed PA/MR model spend the most time per 
bed in comparison with the other models. This might indicate inefficiency because of 
the division of tasks and responsibilities, and the need for coordination between the 
PA and MR. This can increase costs, but can on the other hand improve quality of care 
and patient satisfaction. Further research is needed to investigate the implications of 
the time spend per bed for effectiveness and quality of care. Besides the number of 
hours spent per bed, also the received supervision time is higher for PAs in the mixed 
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PA/MR model than for PAs in the 100% PA model. We do not have information about 
the causes of this difference. An explanation might be the fact that the PAs in the 
100% PA model have more work experience than the PAs in the mixed model. Another 
explanation might be the teaching culture of the wards with the mixed PA/MD model. 
Because 83% of all included wards with a mixed model are from teaching centers while 
none of the wards with the 100% PA model are, there might be more consultation 
between workers and more emphasize on education. Further research should focus 
on the causes of the differences in supervision time, as well as on the consequences 
for effectiveness and safety of inpatient care. 
Data about the tasks of the care providers showed differences in the proportion of time 
spend on direct and indirect patient care. PAs in both the 100% PA model as in the 
mixed PA/MR model spend relatively more time on direct patient care than on indirect 
patient care, while the MRs in the 100% MR model and the mixed PA/MR model spend 
relatively more time on indirect patient care than on direct patient care. A hypothesis 
is that, because PAs have median more years of work experience at the hospital ward, 
they are more familiar with the clinical protocols and the procedures to, for example, 
request diagnostic tests and consultation of other MS.As a consequence, they need 
less time for indirect patient care. Besides, as a consequence of the higher provider 
continuity, PAs might be more familiar than MRs with the routines of other individual 
professionals, the medical team on the ward and multidisciplinary teams [26]. Also the 
fact that PAs have at least 2 years of clinical work experience in the health care domain 
before they enroll PA education might facilitate this. Further research should examine 
these hypotheses. Non-patient-related tasks of PAs and MRs differ slightly from each 
other. PAs seem to spend more hours on quality projects, while MRs spend more time 
on scientific research. 
Some strengths and limitations can be mentioned. A strength of this study is the high 
response on the questionnaires, both from the heads of departments as from the PAs 
and MDs, which enhances the representativeness of our findings. Besides, we were 
able to include different organizational models from different types of hospitals across 
the country. We included 15 wards from teaching hospitals and 19 wards from non-
teaching hospitals. This is approximately in proportion with the general situation in 
the Netherlands; 36 teaching hospitals and 60 nonteaching hospitals [27]. However, 
this cross-sectional study was part of a prospective study and the hospital wards were 
thus actively recruited for research purposes. Therefore, we cannot assure perfect 
representativeness for all hospital wards in the Netherlands. Another limitation of this 
study is the relatively small sample size, especially in the 100% PA model and the 100% 
MS model. For that, we presented medians with IQR instead of means with standard 
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deviations. Results of the statistical analyses should however be interpreted with 
caution. Besides, the patient characteristics, except for the amount of co-morbidities, 
differed slightly among the models. Although differences were statistically significant, 
we have no indications that these small differences explain the variations in time per 
task and time per bed.
In conclusion, in this study we distinguished four different organizational models for 
medical ward care. Although the tasks are roughly the same between the models, the 
amount of time per task varies across the models and types of providers. Also the 
amount of time per bed and provider continuity varies across the models. Further 
research should focus on the consequences of these differences and the efficiency and 
effectiveness of the different organizational models.
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Abstract
Background: Medical care for admitted patients in hospitals is increasingly 
reallocated to physician assistants (PAs). There is limited evidence about the 
consequences for the quality and safety of care. This study aimed to determine 
the effects of substitution of inpatient care from medical doctors (MDs) to PAs on 
patients’ length of stay (LOS), quality and safety of care, and patient experiences 
with the provided care.
Methods: In a multicenter matched-controlled study, the traditional model in 
which only MDs are employed for inpatient care (MD model) was compared with 
a mixed model in which besides MDs also PAs are employed (PA/MD model). 
Thirty-four wards were recruited across the Netherlands. Patients were followed 
from admission till one month after discharge. Primary outcome measure was 
patients’ LOS. Secondary outcomes concerned eleven indicators for quality and 
safety of inpatient care and patients’ experiences with the provided care.
Results: Data on 2,307 patients from 34 hospital wards was available. Median 
LOS in the PA/MD model was 6 days (IQR 4-10), median LOS in the MD model was 
5 days (IQR 4-8). Adjusted for potential confounders, the involvement of PAs was 
overall not associated with LOS (β 1.20, 95%CI 0.99-1.40, p= .062). None of the 
indicators for quality and safety of care were different between study arms. How-
ever, the involvement of PAs was associated with better experiences of patients 
(β 0.49, 95% CI 0.22-0.76, p= .001).
Conclusions: This study suggests that the LOS and quality and safety of care 
on wards managed by PAs is overall not different from the care on wards with 
traditional house staffing by MDs. Employing PAs seems to be safe and associ-
ated with better patient experiences.
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Background
Medical care for admitted patients is increasingly reallocated to physician assistants 
(PAs), because of an increased appreciation of continuity of care, pressure to deliver 
health care efficiently, and local shortages of medical doctors (MDs) [1-3]. A PA is a non-
physician health care professional licensed to practice medicine in defined domains, 
with variable degrees of professional autonomy [4]. PAs who are employed for medical 
care for admitted patients usually work in a team compromising both PAs and MDs 
(i.e. residents, staff physicians or hospitalists). Although there is a worldwide trend of 
an increase of PAs in the management of hospitalized patients, evidence about the 
consequences of reallocating inpatient care from MDs to PAs for health care outcomes 
is limited. 
Literature suggests that PAs add to the quality and safety of care, which may overall 
reduce patients’ length of stay in hospitals [1]. The turnover of house staff is tradition-
ally high due to use of recent medical graduates who are planning to do fellowships 
and the mandatory rotational cycles. PAs generally do not rotate and thus enhance 
continuity of care. Increased provider continuity has been associated with improved 
patient outcomes and more positive evaluations of medical care by patients [5, 6]. 
However, most of these studies did not focus on inpatient care.
Several North-American studies showed that quality and efficiency of care provided 
by PAs is similar to that of MDs, with high levels of patient satisfaction [7, 8]. However, 
the majority of these studies focused on primary care or intensive care units only. 
Only a few studies have compared non-acute inpatient care delivered by a PA-based 
team with the care delivered by a resident-based team [9-13]. These studies suggested 
similar quality of care, but results of PA employment on length of stay (LOS) varied 
across the studies. All studies concerned only one clinical discipline and thus a limited 
variation of patients. Given the outcomes of these studies and their limitations, we 
conducted a multicenter study that included PAs providing care to hospitalized pa-
tients including different clinical disciplines and hospitals.
Study aim
This study aimed to determine the effects of substitution of inpatient care from MDs to 
PAs on patients’ LOS, quality and safety of care, and patient experiences. We hypoth-
esized that medical care by PAs is, compared to MDs, more standardized and more 
continued, which will be reflected by shorter hospital stay. Secondary hypothesis is 
that medical care by PAs results in at least as good quality and safety of care and better 
patient experiences.
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Methods
Study design and population
A multicenter, non-randomized, matched-controlled study was performed in the 
Netherlands, comparing wards with a mixed ‘PA/MD model’ (intervention group) with 
wards with a solely ‘MD model’ (control group). The study design has been described in 
detail elsewhere [14]. In summary, control wards were matched with the intervention 
wards on the basis of medical specialty and hospital type (i.e. academic versus non-
academic). Hospital wards were assigned to the intervention group if the PA covered at 
least 51% of the available ward care hours per week during dayshifts (8 a.m. till 18 p.m.) 
on weekdays. Wards were assigned to the control group if exclusively MDs provided 
medical care.
Description of the models for the organization of medical care at the ward
MD model
In the MD model, only MDs are in charge of the admitted patients at a specific hospital 
department. Most of them are residents. The resident is physically present at the de-
partment for at least a couple of hours each weekday, and is the first point of access 
to medical care during office hours. Their work includes daily clinical care and patient 
management. The residents are supervised by attending physicians. In some cases, 
especially in smaller hospitals where often no residents are employed, the medical 
specialists provide all medical care for the admitted patients. 
PA/MD model
In the PA/MD model, the PAs who were employed at the wards are substitutes for 
the residents. Their tasks and responsibilities are largely comparable. PAs have the 
same authorizations as residents: they can make indications for treatment, perform 
predefined medical procedures and subscribe medication independently [15]. In a 
previous study we described the characteristics and tasks of all PAs and residents who 
were primary employed for medical ward care [16]. Although PAs had comparable core 
tasks as residents, the amount of time which was spent per group of tasks slightly 
varied across the professionals. PAs spent relatively more time on direct inpatient care, 
while the MDs spent relatively more time on additional tasks like outpatient contacts 
and medical procedures. We included two different models within the intervention 
group: a model in which PAs collaborate with residents and a model in which only 
PAs are the first point of access to medical care. In both models, the PAs as well as the 
residents were supervised by attending physicians. 
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Study population
The focus of this study was on the patients admitted to the hospital wards. Exclusion 
criteria for patients were: 1) Younger than 18 years; 2) Terminally ill; and 3) Receiving 
daycare. Daycare was defined as hospital admissions that were (according to hospital 
protocols) intended to last 24 hours or less.
Outcome measures
Length of stay
Length of stay (LOS) was the primary outcome measure of the study. We defined LOS 
as the time in days between the dates of discharge and admission. Both dates were 
derived from patient medical records. To minimize information bias, a random sample 
of 10% of the patient records per ward was analyzed by a second researcher, who was 
blinded for the outcome of the initial researcher. In case of an inter-rater agreement of 
less than 95%, the records of the total sample were reassessed.
Quality and safety of care
A set of clinical indicators and process indicators was composed to measure the 
quality and safety of medical care at the ward. First, 20 provisional indicators were 
identified from scientific literature and from existing indicators, such as the national 
set of indicators for quality of hospital care from the Dutch Health Care Inspectorate 
(IGZ) [17]. This selection was based on potential relevance for a diversity of medical 
specialties. Second, the relevance and feasibility of the provisional set of indicators 
was discussed with an expert panel of physicians. Finally, a set of eleven clinical and 
process indicators was selected (Table 1). All indicators covered the admission period 
till a maximum of one month after discharge. Data were retrospectively derived from 
patient medical records and patient questionnaires. We randomly reassessed 10% of 
all patient records per ward to increase internal validity. 
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Table 1. Clinical and process indicators for quality and safety of medical care
Clinical indicators
•	 In-hospital mortality
•	 Unplanned transfer to intensive care unit 
•	 Cardiopulmonary resuscitation
•	 Pressure ulcer developed during admission
•	 Fever: incidence of episodes of two days that body temperature ≥38
•	 Pain score: incidence of episodes of two days that  had a Numeric Rating Score ≥7
•	 Hospital infections: infusion-, urinary track-, airway-, and postoperative wound infections
•	 Presentation at department of emergency, within one month after discharge
•	 Non-elective readmission within one month after discharge
Process indicators
•	 Days between discharge and letter of discharge
•	 Introduction by the PA or MD to the patient within 24 hours after hospital admission
Abbreviations: PA = physician assistant; MD = medical doctor
Patient experiences with medical ward care
Patient experiences with medical care were assessed by a self-administered question-
naire at discharge. This questionnaire focused on satisfaction with communication, 
experienced continuity of care and cooperation between care providers, and the 
patients view on the medical competencies of the PA or MD. Patient perceptions on 
communication skills were measured with the Communication Assessment Tool (CAT), 
a validated questionnaire which consists 14 questions which can be rated on a five 
point Likert scale, ranging from ‘poor’ to excellent’[18]. The Cronbachs’ alpha in our 
study was 0.98. Three subscales from the validated ‘Chronically Ill Patients Evaluate 
general Practice’ (CEP) questionnaire [19] were added to measure the items satisfac-
tion with continuity of care (one question), cooperation of ward care providers (one 
question), and medical care (three questions) (Cronbachs’ alpha 0.93). Each item 
was rated on a six point Likert scale, ranging from ‘poor’ to ‘excellent’. Patients could 
additionally score an item as ‘not applicable’. At last, one question was added about 
general satisfaction with medical care at the ward (scale 1-10). To ensure that patients 
knew who their attending PA or MD was, we included photos from the medical care 
provider(s) in the questionnaire. 
Sample size calculation 
The originally published sample size calculation [14] was adjusted prior to start of 
data collection [20]. To detect a relative difference in LOS of 20% between the ‘PA/
MD model’ and ‘MD model’, assuming an average LOS of 6 days (SD 4.9), alpha 5%, 
power 80% and an intra cluster coefficient of 0.06 for patients in same ward, 30 wards 
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including 100 patients each were required. Taking into account an expected drop-out 
of a maximum of two matched pairs, 34 wards (17 in each arm) with each 100 patients 
were required. In case of no drop-out, 50 patients per ward would be sufficient.
Data analyses
Differences at baseline between groups were analyzed using the χ2 test, t test, or Fisher 
exact test. To compare intervention wards with control wards, we used linear regres-
sion analyses for continuous outcomes (LOS, patient experiences). Because of the non-
normal distribution of LOS (skewed to the higher scores) data were log-transformed 
before analysis. For each domain of patient experiences (i.e. communication, continu-
ity of care, cooperation, medical competencies) an average score was calculated per 
patient for further analyses. In case more than 75% of the answers were missing, no 
aggregated score was calculated. Logistic regression analysis was conducted for the 
dichotomous outcomes (i.e. indicators for quality and safety of care). Random coef-
ficients were added to all regression models to account for statistical clustering of data 
in hospital wards. All analyses were done on an intention-to-treat basis. Matching was 
taken into account by adding covariables for the matching variables (i.e hospital type 
and medical specialty). 
Multivariable models were constructed to adjust for potential confounders (Table 2). 
Covariables were included in the final model only if they modified the regression coeffi-
cient of the central determinant by more than 10%, regardless of statistical significance 
of effects. In all analyses, two-tailed p-values of 0.05 or lower were considered statisti-
cally significant. All presented estimates were adjusted for the matched design, either 
without or with correction for confounding. To explore heterogeneity within the results, 
post-hoc subgroup analyses were performed for each submodel of medical ward care, 
i.e. 1) the MS model: medical specialists are in charge of all admitted patients; 2) MR 
model: residents or junior doctors are in charge of all admitted patients; 3) mixed PA/
MR model: both residents and PAs are in charge of the admitted patients; 4) PA model: 
PAs are in charge of all admitted patients. We also conducted separate analyses for the 
surgical specialties (i.e. surgery, orthopaedics, head and neck oncology surgery) and 
the non-surgical specialties (i.e. gastroenterology, pulmonology, cardiology). 
Ethical considerations
Ethical approval was received from the Research Ethics Committee of the Radboud 
University Medical Center, Nijmegen (registration number: 2012/306); the committee 
judged that ethical approval was not required under Dutch Law. All data were handled 
strictly confidential and written informed consent was obtained from all patients.
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Results
We included 1,021 patients spread over 17 hospital wards in the intervention group, 
and 1,286 patients spread over 17 hospital wards in the control group (Figure 1). The 
main patient characteristics are summarized in Table 2. Most characteristics were 
well balanced between the two groups. More patients in the intervention group were 
acutely admitted (59% versus 44% in the control group, p< .001). Also the primary 
diagnosis differed significantly.
Length of stay
We had complete data about LOS of 99% of the patients (Figure 1). Results for the crude 
and adjusted associations between the organizational models and LOS are shown in 
Table 3. Median LOS of the patients in the intervention group was 6 days (IQR 4-10), 
median LOS of the patients in the control group was 5 days (IQR 4-8). The involvement 
of PAs was not significantly associated with the crude LOS (β 1.22, 95% CI 0.99-1.51, 
p= .062). The beta of the final model did not change substantially after adjustment for 
potential confounders and remained non-significant (β 1.20, 95% CI 0.99-1.40, p= .064).
Quality and safety of care
We were able to check 99% of all patient records. Item-missing varied from 1% (in-
hospital mortality) to 24% (discharge letter). Incidence of unplanned readmission and 
presentation at the emergency department were derived from the patient question-
naire, which was sent one month after discharge. The response rate on this question-
naire was 76% in both study arms (Figure 1). The indicator ‘incidence of episode of at 
least two days pain score ≥ 7’ showed a significant association with the inpatient care 
model (OR 1.60, 95% CI 1.09-2.35) when not adjusted for confounding. After adjust-
ment for confounders, none of the indicators for quality and safety of inpatient care 
were related to the involvement of PAs (Table 3). 
Patient experiences
The response rate on the questionnaire at discharge was 86% in the intervention 
group and 85% in the control group (Figure 1). The item non-response rate varied from 
15% to 27%, including the questions answered with ‘not applicable’. The overall evalu-
ation of medical care by patients was on average 8.4 ± 1.3 in the intervention group 
and 8.0 ± 1.5 in the control group. The involvement of PAs was significantly associated 
with more positive overall evaluations of care by patients (β 0.49, 95% CI 0.22-0.76, p= 
.001). Experiences of patients with all separate domains communication, continuity, 
cooperation and medical care were also significantly better on the wards that involved 
PAs (Table 4). 
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Table 2. Baseline characteristics of patients
Baseline characteristic PA/MD model 
(n=1021)
MD model 
(n=1286)
P 
Value
Medical specialty n(%) <.001
    Surgery  601 (59%) 696 (54%)
    Gastroenterology 102 (10%) 181 (14%)
    Pulmonology 91 (9%) 107 (8%)
    Cardiology 101 (10%) 124 (10%)
    Orthopaedics 103 (10%) 100 (8%)
    ENT, head and neck oncology surgery 23 (2%) 78 (6%)
Hospital type  n(%) <.001
    Teaching 552 (55%) 709 (53%)
       Academic 23 (2%) 78 (3%)
       Non-academic 529 (52%) 631 (50%)
    Non-teaching 469( 56%) 577 (57%)
Gender, male  n(%) 524 (53%) 682 (54%) .47
Age, years mean ± SD 64 ± 16 63 ± 15 .11
Major diagnoses  n(%) <.001
    Digestive system 204 (20%) 247 (19%)
    Circulatory system 158 (16%) 274 (22%)
    Neoplasms  108 (11%) 195 (15%)
    Musculoskeletal system and connective tissue 120 (12%) 119 (9%)
    Injury and poisoning 135 (13%) 80 (6%)
    Infectious and parasitic diseases 59 (6%) 81 (6%)
    Respiratory system 51 (5%) 75 (6%)
Charlson index for co-morbidity score mean ± SD (% with score ≥1) 1.1 ± 1.8 (43%) 1.1 ± 1.8 (44%) .65
.66
Highest education n(%) .15
    Low  371 (38%) 422 (34%)
    Middle 380 (39%) 489 (40%)
    High 233 (24%) 328 (27%)
Ethnicity, Dutch  n(%) 976(99%) 1212 (98%) .15
Marital status n(%) .29
   No partner  136 (14%) 167 (14%)
   Partner  730 (74%) 949 (77%)
   Widow 119 (12%) 125 (10%)
Smoking status n(%) .65
    No, never smoked  325 (33%) 385 (31%)
    No, but ever smoked 494 (48%) 626 (50%)
    Yes, still smoking  174 (17%) 230 (19%)
Body Mass Index (mean ± SD) 27 ± 5 27 ± 5 .79
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Baseline characteristic PA/MD model 
(n=1021)
MD model 
(n=1286)
P 
Value
Number of hospitalizations for same problem n(%) .20
    1 hospitalization 580 (59%) 693 (56%)
    >1 hospitalization 403 (41%) 540 (44%)
Type of admission n(%) <.001
    Elective 402 (41%) 687 (56%)
    Urgent 588 (59%) 547 (44%)
Discharge destination n(%) <.001
   Home 765 (90%) 965 (92%)
   Hospital 12 (1%) 30 (3%)
   Nursing home/rehabilitation center/hospice 56 (7%) 28 (3%)
   Family relative 18 (2%) 25 (2%)
Health related quality of life at admission 63 ± 19 64 ± 20 .08
Workload at the ward: minutes per bed per week (mean ± SD) 111 ± 48 130 ± 72 <.001
Note: Numbers may not add up to the total because of missing values
Subgroup analyses 
Results for the analyses per submodel of medical ward care are shown in supplemental 
Table S1. No differences were found between the groups for LOS. Regarding the indica-
tors for quality and safety, we found significant differences for the incidence of hospital 
infections, pressure ulcer, episode of two days body temperature ≥38, and episodes 
of two days Numeric Rating Score ≥7. The scores on these indicators were lowest for 
the MS model. Patient evaluations were significantly highest for the PA model and the 
mixed PA/MR model. 
Results for the analyses for surgical specialties only are described in supplemental 
Table S2. The patients on the wards with a PA/MD model had a significantly higher 
incidence of pressure ulcer (OR 0.42, 95% CI 0.21-0.88) and episode of at least two 
days pain score ≥ 7 (OR 0.21, 95% CI 0.15-0.67), but a significantly lower number of 
presentations at the department of emergency after discharge (OR 1.47, 95% CI 1.02-
2.13). Evaluations of patients were significantly better on wards with the PA/MD model.
In supplemental Table S3 the results for the non-surgical wards are summarized. We 
found significant differences in the incidence of presentation at the department of 
emergency and unplanned readmission in favor of the control group. The number 
of days between discharge and discharge letter differed significantly in favor of the 
intervention group: β -0.22, 95% -1.00-0.57.
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Table 4. Patient experiences with care
Outcome PA/MD model 
(n=849)
MD model 
(n=1001)
Crudea Adjustedb
Mean (SD) Mean (SD) β 95% CI β 95% CI
Overall evaluation score  8.4 (1.3) 8.0 (1.5) 0.48** 0.21-0.74 0.49** 0.22-0.76
Communication (15 items)   4.2 (0.7) 4.0 (0.8) 0.24** 0.09-0.38 0.25** 0.09-0.40
Continuity (1 item)  4.7 (1.1) 4.4 (1.2) 0.35** 0.13-0.57 0.32** 0.10-0.55
Cooperation (1 item)  4.7 (1.1) 4.4 (1.2) 0.33** 0.10-0.56 0.31** 0.09-0.54
Medical care (2 items)  4.8 (1.0) 4.7 (4.0) 0.28** 0.04-0.51 0.28** 0.05-0.52
Notes: higher scores reflect better evaluation of care
Communication was measured on a 5 point likert scale; continuity, cooperation and medical care on a 6 
point likert scale. Overall satisfaction on a 1-10 scale.
a. Adjusted for match criteria medical specialty and hospital type
b.  Adjusted for match criteria and the confounders primary diagnosis, type of admission and discharge 
destination
** P < .05
Discussion
In the present study, we aimed to determine the effects of substitution of inpatient 
care from MDs to PAs on patients’ LOS, quality and safety of care, and patient experi-
ences with care provided. No difference between the two study arms was found on 
these measures, except that the involvement of PAs was significantly associated with 
better patient experiences. In particular, patients rated communication, continuity, 
cooperation and medical care better on wards with PAs. 
Our findings do not confirm our hypothesis that patients’ LOS would be shorter on 
wards on which PAs are involved in inpatient care. Reducing LOS is an aim for policy 
makers in many health care systems [21]. As a consequence, in the Netherlands as well 
as in many other countries, reducing LOS has been of major interest in the previous 
decade [22]. Due to several interventions, the average LOS decreased from 11.2 days in 
1990 to 9.0 days in 2000 and 6.4 days in 2012 [23]. Although there are still variations in 
LOS between countries and hospitals, it is debatably what decrease of LOS is feasible. 
To our knowledge, this is the first multicenter study that investigates the effects of 
reallocating inpatient care from MDs to PAs. A few single-centered studies have com-
pared non-acute inpatient care delivered by a PA-based team with the care delivered 
by a resident-based team [9-13]. All studies reported similar quality of care for PA 
and non-PA care, which is in line with our results. However, the results regarding LOS 
were mixed. Singh et al [10] reported that the PA-based team was associated with an 
increased patients’ LOS, while Nishimura et al [12] and Miller et al [13] reported an as-
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sociation with a decreased LOS. Comparable to our results, Roy et al [9]and Dupher et 
al [11] showed similar LOS between de study arms. These studies can however hardly 
be compared, because different methodology was used and different patient groups 
were involved. Besides, most of these studies compared a hospitalist/PA model with 
the traditional resident-based model, while hospitalists were not part of the models 
we involved [16]. Hospitalists have been introduced in the Netherlands since 2012 and 
were not graduated yet at the start of our study. The PAs in our intervention model 
were supervised by staff physicians of the specific clinical discipline, instead of the 
hospitalists who have a supervising role in the PA/hospitalist models in the USA. Based 
on the descriptions, the tasks of the PAs who are employed for inpatient care in the 
Netherlands, appear to be largely comparable to the tasks of the PAs in the USA, which 
makes it unlikely that differences in team composition would affect the results. 
Contrary to some of above mentioned studies which showed no differences between 
PAs and MDs on patient experiences [9, 11, 12], we found significantly better patient 
experiences on wards with PAs. This difference in findings might be the result of a spe-
cific focus on experiences in medical inpatient care, whereas the other studies focused 
on the general care-giving team with often low response rates. Nonetheless, one could 
debate about the relevance of the statistically significant differences on patient experi-
ences, since the scores in both groups indicate (very) positive experiences.
Although the study was not designed to confirm equivalence between study arms, our 
study suggests that the care on wards with the PA/MD model is not different from the 
care on the wards with traditional house staffing. Employing a PA for inpatient care 
seems to be safe. PAs may be a cost-effective alternative for residents and hospitalists, 
because they can be trained faster and the cost of their training is significantly lower 
compared to MDs. As shown in Table 2, the time spend on inpatient care (i.e. workload 
at the ward) is less in the PA/MD group than in the MD group. This indicates advantages 
on health care costs as well. The less time might be related to our previous finding that 
the provider continuity is more constant on wards with PAs, and that PAs are more 
experienced than residents [16]. As a consequence, PAs might be more familiar with 
the clinical protocols and the procedures to for example request diagnostics tests and 
consultation of other (sub)specialties. Therefore, they spend less time on such indirect 
patient care. Furthermore, as a consequence of the higher provider continuity, PAs 
might be more familiar with the routines of other individual professionals, the medical 
team on the ward and multidisciplinary teams [16]. 
A strength of this study is the multicenter design and high response rate on all three 
patient questionnaires, which enhances the representativeness of our findings. Be-
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sides, we were able to include a broad range of clinical disciplines from different types 
of hospitals, which increases the generalizibility of our findings. We included 15 wards 
in teaching hospitals and 19 wards in non-teaching hospitals. This is approximately in 
proportion with the Dutch situation; 36 teaching hospitals and 60 nonteaching hospi-
tals [24]. Although we have not selectively recruited the wards, most of the included 
wards were from a surgical (sub)specialty. There are no exact data about the number 
of PAs who are employed specifically for the management of hospitalized patients per 
clinical discipline, but we know that, in the Netherlands, most of them are employed at 
a surgical department. Some clinical disciplines, like internal medicine and obstetrics/
gynecology were however not represented at all. It is not clear whether our results can 
be extrapolated to those disciplines. 
A limitation is the non-randomized design of this study. Different from other countries, 
the Dutch PA programs incorporate a dual work-education model, which means that 
students are employed within a particular medical specialty from the day of their 
enrollment in the master’s PA program [25, 26]. After graduation, the majority of PAs 
continue employed at the same department. The suggestion of randomly relocating 
the graduated PA to other hospital wards was considered not feasible for the staff 
physicians, who put considerable effort and time to training and supervision. The non-
randomized character of this study implies an increased risk for confounding, which 
we took into account in the multivariable analyses. However, we cannot exclude that 
local differences like policies about quality of care and patient case-mix could have in-
fluenced our results. To explore heterogeneity within our data, we conducted subgroup 
analyses for the four organizational models for medical ward care separately. Although 
the results of subgroup analyses should be interpreted with caution because of low 
numbers of patients per subgroup, several findings are intriguing. Significant differ-
ences in favor of de model in which only medical specialists were involved were found 
regarding the indicators the incidence of hospital infections, pressure ulcer, episode of 
two days body temperature ≥38, and episodes of two days Numeric Rating Score ≥7. 
This might indicate higher quality of care within this model. We cannot exclude that 
this indicates that the patients which were included in this model were overall less 
complex than the patients in the other models. Although we’ve adjusted for relevant 
confounders in the multivariable analysis, it is not possible to perfectly adjust for the 
complexity of the patient. Further research should explore the cause of the difference.
We also performed separate analyses for surgical specialties only and non-surgical 
specialties only. We found significant differences for some indicators for quality and 
safety of care that were not consistent in favor of one of the study arms. Remarkably, 
the difference in patient evaluations between the study arms remained for the sub-
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group with surgical specialties, but not for the subgroup with non-surgical specialties. 
Reasons remain however speculative.
Conclusion
This study suggests that care on wards managed by PAs is not different from the care 
on wards with traditional house staffing by MDs. Employing PAs seems to be safe and 
seems to lead to better patient experiences. 
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Table S2. Results for surgical (sub)specialties only  
Outcome PA/MD model MD model Estimates
(n=709)  (n=856) β c 95% CI
Length of hospital stay median (IQR) a 6 (4-9) 5 (3-8) 0.26 -0.03-0.55
Indicators for quality of care OR c 95% CI
In-hospital mortality n(%) 1/705 (0.1%) 0/855 (0.0%) NA NA
Unplanned transfer to ICU  n(%) 41/704 (6%) 68/853 (8%) 1.03 0.58-1.82
Cardiopulmonary resuscitation  n(%) 0/702 (0.0 %) 1/853 (0.1%) NA NA
Pressure ulcer developed during admission n(%) 27/624 (4%) 10/737 (1%) 0.43** 0.21-0.88
Episode of at least 2 days temp ≥38  n(%) 191/694 (28%) 242/856 (28%) 0.90 0.69-1.15
Episode of at least 2 days pain score ≥7  n(%) 30/701 (4%) 13/846 (2%) 0.32** 0.15-0.67
Hospital infectionb n(%) 36/696 (5%) 53/842 (6%) 1.10 0.63-1.81
Presentation at department of emergency  n(%) 79/537 (15%) 121/654 (19%) 1.47** 1.02-2.13
Unplanned readmission  n(%) 42/543 (8%) 48/655 (7%) 1.00 0.59-1.70
Introduction to patient <24h  n(%) 431/558 (77%) 513/622(82%) 1.42 ** 1.01-2.01
Indicators for quality of care β c 95% CI
Days between discharge and discharge letter  median 
(IQR) a
2 (0-9) 4 (0-17) -0.22 -1.00-0.57
Patient satisfaction β c 95% CI
Overall satisfaction score  mean (SD) 8.40 (1.27) 7.83 (1.58) 0.66** 0.35-0.97
Communication   mean (SD) 4.17 (0.72) 3.89 (0.82) 0.36** 0.17-0.55
Continuity  mean (SD) 4.69 (1.13) 4.27 (1.24) 0.45** 0.19-0.71
Cooperation  mean (SD) 4.78 (1.07) 4.30 (1.24) 0.49** 0.24-0.75
Medical care  mean (SD) 4.87 (1.05) 4.52 (1.18) 0.40** 0.13-0.68
Abbreviations: NA=not applicable because of limited number of cases; IQR=interquartile range
a. log-transformed before regression analysis
b. i.e. Infusion, urinary track, airway and/or postoperative wound infection
c.  Adjusted for medical specialty, hospital type, primary diagnosis, type of admission and discharge des-
tination
** P < .05
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Table S3. Results for non-surgical specialties only
Outcome PA/MD model MD model Estimates
(n=291)  (n=410) β b 95% CI
Length of hospital stay median (IQR) a 7 (5-11) 6 (4-8) 0.14 -0.20-0.48
Indicators for quality of care OR b 95% CI
In-hospital mortality n(%) 1/286 (0.3%) 1/376 (0.3%) NA NA
Unplanned transfer to ICU  n(%) 5/286 (2%) 2/396 (1%) 0.55 0.17-1.74
Cardiopulmonary resuscitation  n(%) 1/286 (0.3%) 0/374 (0%) NA NA
Pressure ulcer developed during admission n(%) 4/265 (2%) 0/410 (0%) 0.74 0.17-3.15
Episode of at least 2 days temp ≥38  n(%) 62/285 (22%) 67/393 (17%) 0.61 0.35-1.05
Episode of at least 2 days pain score ≥7  n(%) 27/282 (10%) 21/336 (6%) 0.43 0.18-1.05
Hospital infection c n(%) 26/283 (9%) 12/369 (3%) 0.26 0.06-1.03
Presentation at department of emergency  n(%) 39/202 (19%) 47/281 (17%) 0.22** 0.08-0.58
Unplanned readmission  n(%) 25/191 (13%) 29/274 (11%) 0.20** 0.06-0.62
Introduction to patient <24h  n(%) 223/249 (90%) 305/354 (86%) 1.65 0.31-1.36
Indicators for quality of care β b 95% CI
Days between discharge and discharge letter  median 
(IQR) a
0 (0-2) 4 (1-10) -1.35** -2.56- -0.13
Patient satisfaction β b 95% CI
Overall satisfaction score  mean (SD) 8.43 (1.22) 8.30 (1.45) 0.56 -0.33-1.45
Communication   mean (SD) 4.13 (0.73) 4.09 (0.76) 0.20 -0.22-0.62
Continuity  mean (SD) 4.59 (1.11) 4.55 (1.17) 0.26 -0.67-1.20
Cooperation  mean (SD) 4.49 (1.19) 4.58 (1.21) 0.14 -0.68-0.95
Medical care  mean (SD) 4.74 (0.97) 4.75 (1.07) 0.26 -0.55-1.06
Abbreviations: NA=not applicable because of limited number of cases; IQR=interquartile range
a. log-transformed before regression analysis
b. i.e. Infusion, urinary track, airway and/or postoperative wound infection
c. Adjusted for medical specialty, hospital type, primary diagnosis, type of admission and discharge des-
tination
** P < .05
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Abstract 
Objective: To investigate the cost-effectiveness of substitution of inpatient care 
from medical doctors (MDs) to physician assistants (PAs).
Design: Cost-effectiveness analysis embedded within a multicenter matched-
controlled study. The traditional model in which only MDs are employed for 
inpatient care (MD model) was compared with a mixed model in which besides 
MDs also PAs are employed (PA/MD model).
Setting: 34 hospital wards across the Netherlands.
Participants: 2292 patients were followed from admission till 1 month after 
discharge. Patients receiving daycare, terminally ill patients and children were 
excluded.
Primary and secondary outcome measures: All direct health care costs from 
day of admission until one month after discharge. Health outcome concerned 
quality-adjusted life years.
Results: We found no significant difference for QALY gain (+0.02, 95% CI -0.01-
0.05) when comparing the PA/MD model with the MD model. Total costs per pa-
tient did not significantly differ between the groups (+ € 568, 95% CI €-254-€1391, 
p=0.175). Regarding the costs per item, a difference of 309 euro per patient (95% 
CI €29-€588, p=0.030) was found in favor of the MD model regarding length of 
stay. Personnel costs per patient for the provider who is primarily responsible for 
medical care at the ward, was lower on the wards in the PA/MD model (€-11, 95% 
CI €-16- €-6, p=0.000).
Conclusions:  This study suggests that the cost-effectiveness on wards man-
aged by PAs is similar to the care on wards with traditional house staffing. The 
implementation of PAs may reduce personnel costs, but not overall health care 
costs.
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Background
Because of an increased appreciation of continuity of care, pressure to deliver health 
care efficiently, and local shortages of medical doctors (MDs), medical care for admit-
ted patients is increasingly reallocated to physician assistants (PAs) [1-3]. A PA is a 
health professional licensed to practice medicine in defined domains, with variable 
degrees of professional autonomy [4]. PAs who provide medical care for admitted 
patients usually work in a team comprising both PAs and MDs (i.e. residents or medical 
specialists). 
Literature suggests that PAs add to the quality of care by increasing continuity for both 
patients and hospital staff [1]. The turnover of house staff is traditionally high due to 
use of recent medical graduates who are planning to do fellowships and the manda-
tory rotational cycles. PAs generally do not rotate and constitute a factor of stability 
in the continually changing medical workforce. Previous studies show that quality of 
care for admitted patients delivered by a PA-based team is comparable to that of a 
resident-based team, and that patient evaluations are at least as good [5-10]. Our own 
study showed similar quality and safety of care, but better patients experiences on 
wards with a PA-based team [11]. Estimates of PA employment on costs vary across the 
conducted studies [5,6,10]. These studies concerned one clinical discipline within one 
hospital, which reduces the generalizibility of findings. Given the outcomes of these 
studies and their limitations, we conducted a multicenter study that included PAs pro-
viding care to hospitalized patients including a range of clinical disciplines. This paper 
reports on the cost-effectiveness of substitution of inpatient care from MDs to PAs.
Methods
Study design 
This economic evaluation was performed alongside a multicenter non-randomized 
matched-controlled study, which was performed in the Netherlands. In this study, the 
care on wards utilizing a mixed ‘PA/MD model’ (intervention group) was compared 
with the care on wards utilizing a solely ‘MD model’ (control group). 
MD model
In the MD model, only MDs are in charge of the admitted patients at a specific hos-
pital department. Most of them are residents. The resident is physically present at 
the department each weekday and is the first point of access to medical care during 
office hours (MR model). Their work includes daily clinical care and patient manage-
ment. The residents are supervised by medical specialists. In some cases, especially 
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in smaller hospitals where often no residents are employed, the medical specialists 
provide all medical care for the admitted patients (MS model). 
PA/MD model
In this model, the PAs who were employed at the wards are substitutes for the residents. 
Their tasks and responsibilities are largely comparable. PAs have the same authoriza-
tions as residents: they can make indications for treatment, perform predefined medi-
cal procedures and subscribe medication independently within their field of expertise 
[12]. We included two different models within the intervention group: a model in which 
PAs collaborate with residents (mixed PA/MR model) and a model in which only PAs are 
the first point of access to medical care (PA model). In both models, the PAs as well as 
the residents were supervised by medical specialists.
Control wards were matched with the intervention wards on the basis of medical spe-
cialty and hospital type. Hospital wards were included in the intervention group if the 
PA covered at least 51% of the available ward care hours per week during dayshifts on 
weekdays. Wards were included in the control group if exclusively MDs provided medi-
cal care. The primary analysis had patients’ length of stay as primary outcome. Further 
details of the study design have been described elsewhere [13]. The economic analysis 
was conducted from a health care perspective, with a time frame from admission till 
one month after discharge.  
Study population
This study focused on the patients admitted to the hospital wards. Exclusion criteria 
for patients were: 1) Younger than 18 years; 2) Terminally ill; and 3) Receiving daycare. 
Daycare was defined as hospital admissions that were intended to last 24 hours or less.
Health outcome
The primary health outcome in this evaluation is the QALY (quality-adjusted life years). 
A QALY is a generic measure of disease burden [14]. QALYs were derived using the 
EuroQoL-5D questionnaire (EQ-5D-3L) [15], which is a widely used validated patient 
questionnaire comprising five domains: mobility, self-care, usual activities, pain, and 
anxiety/depression. Each domain has three possible levels indicating; no problems, 
moderate problems or severe problems. The EQ-5D-3L was assessed at three time 
points: at admission, discharge and one month after discharge. We used the Dutch 
utility weight to calculate utilities [16].
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Cost outcomes
The primary cost outcome was the sum of direct costs associated with the princi-
pal admission and costs that occurred within one month after discharge that were 
potentially related to hospital admission. Resources used during admission were 
extracted in detail at an individual patient level from patient medical records and 
included laboratory tests, diagnostic tests, medication and blood products. Also the 
frequency and type of consultations of health care suppliers and the number of days 
of unplanned stay at an intensive care unit were derived from the medical records. To 
minimize information bias, a random sample of 10% of the patient records per ward 
was reassessed by a second researcher, who was blinded for the results from the initial 
researcher. In case of an inter-rater agreement of less than 95%, the records of the total 
sample were reassessed.
Personnel costs included the costs for the residents, PAs and medical specialist who 
were primarily employed for medical care for the admitted patients. Also the costs for 
supervision time were included. We measured the number of hours spend for medical 
ward care per professional by examination of work schedules. All MDs and PAs who 
had the primary task to provide medical care for admitted patients were asked to fill in 
their real work schedule during four fixed weeks: week 3, 7, 11 and 15 after the start of 
the inclusion of patients. Next, we divided the number of working hours by the number 
of patients for which they were in charge. The number of hours spent for supervision 
was derived from an online questionnaire. We asked each attending physician for 
the average number of hours they weekly spend for supervision. These hours were 
added up for all attending physicians of the department, and divided by the number 
of patients who were admitted at the ward.
Volumes which were measured between discharge and one month afterwards included 
days of unplanned readmission, number of presentations at emergency departments, 
number of contacts with a general practitioner, and the required home care. These 
volumes were collected from a patient questionnaire that was sent one month after 
discharge. Costs were calculated by multiplying the volumes of health care use with 
corresponding unit prices, derived from the Dutch Manual for Costing Research [17]. All 
figures were related to the price level of the same year (i.e. 2014). Details of the costs 
applied to units of resource use are provided in supplemental Table S1.
Sample size calculation 
Sample size calculation was based on length of stay (LOS), which was the primary clini-
cal outcome of the multicenter study. Results for LOS have been published elsewhere 
[11]. The originally published sample size calculation [13] was adjusted prior to start 
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of data collection [18]. To detect a relative difference in LOS of 20% between the ‘PA/
MD model’ and ‘MD model’, assuming an average LOS of 6 days (SD 4.9), alpha 5%, 
power 80% and an Intra Cluster Coefficient of 0.06 for patients in same ward, 30 wards 
including 100 patients each were required. Taking into account an expected drop-out 
of maximum 2 matched pairs, 34 wards (17 in each arm) with each 100 patients were 
required. In case of no drop-out, 50 patients per ward would be sufficient.
Data analysis
We used descriptive analyses with counts (and proportions) or means (with SDs) to 
describe baseline characteristics, effects, and costs. The a priori planned analysis was 
a comparison between the intervention and control group on incremental costs and 
incremental effects. The incremental effects were analyzed using a linear mixed model 
approach with the QALY score as dependent variable and group and baseline QALY 
as independent variables, taking clustering of patients within wards into account. If 
similar effects on the QALY in both groups were found, a cost-minimization approach 
was performed by comparing differences in costs between groups using a linear mixed 
model approach accounting for clustering and applying bootstrapping (200 times) to 
create bias-corrected 95% CIs around the coefficients of the independent variables. A 
total of 50–200 replications are generally adequate for estimates of standard error [19]. 
Multivariable models were constructed to adjust for potential confounders. We took 
matching into account by adding covariables for the matching variables.
Missing data were imputed via multiple imputations. To explore uncertainty around 
costing assumptions (i.e. cost-prices and salary), sensitivity analysis was conducted on 
the range of extremes. Imputation models for all cost categories and utility scores were 
then redone accounting for changes in the sensitivity analysis. To explore heterogene-
ity within the results, post-hoc subgroup analyses were performed for each submodel 
of medical ward care: the MS model, MR model, mixed PA/MR model and the PA model. 
All analyses were carried out with Stata 11.2 (StataCorp, College Station, TX). P-value 
was set at 0.05 to indicate statistical significance.
Ethical considerations
Ethical approval was received from the Research Ethics Committee of the Radboud 
university medical center, Nijmegen (registration number: 2012/306); the committee 
judged that ethical approval was not required under Dutch Law. All data were handled 
strictly confidential and written informed consent was obtained from all patients.
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Results
Between April 2013 and May 2015 we included 1,021 patients spread over 17 hospital 
wards in the intervention group, and 1,286 patients spread over 17 hospital wards in 
the control group (Figure 1). More patients in the intervention group were acutely ad-
mitted (59% versus 44% in the control group, p< .001). Also medical specialty, hospital 
type, primary diagnosis and discharge destination differed significantly between the 
groups (Table 1).
Table 1. Baseline characteristics of patients
Baseline characteristic PA/MD model 
(n=1021)
MD model 
(n=1286)
P Value
Medical specialty n(%) <.001
    Surgery  601 (59%) 696 (54%)
    Gastroenterology 102 (10%) 181 (14%)
    Pulmonology 91 (9%) 107 (8%)
    Cardiology 101 (10%) 124 (10%)
    Orthopaedics 103 (10%) 100 (8%)
    ENT, head and neck oncology surgery 23 (2%) 78 (6%)
Hospital type  n(%) <.001
    Teaching 552 (54%) 709 (55%)
       Academic 23 (2%) 78 (6%)
       Non-academic 529 (52%) 631 (49%)
    Non-teaching 469(46%) 577 (45%)
Gender, male  n(%) 524 (53%) 682 (54%) .47
Age, years mean ± SD 64 ± 16 63 ± 15 .11
Major diagnoses  n(%) <.001
    Digestive system 204 (20%) 247 (19%)
    Circulatory system 158 (16%) 274 (22%)
    Neoplasms  108 (11%) 195 (15%)
    Musculoskeletal system and connective tissue 120 (12%) 119 (9%)
    Injury and poisoning 135 (13%) 80 (6%)
    Infectious and parasitic diseases 59 (6%) 81 (6%)
    Respiratory system 51 (5%) 75 (6%)
Charlson index for co-morbidity score mean ± SD 
(% with score ≥1)
1.1 ± 1.8 (43%) 1.1 ± 1.8 (44%) .65
.66
Highest education n(%) .15
    Low  371 (38%) 422 (34%)
    Middle 380 (39%) 489 (40%)
    High 233 (24%) 328 (27%)
Ethnicity, Dutch  n(%) 976(99%) 1212 (98%) .15
Marital status n(%) .29
   No partner  136 (14%) 167 (14%)
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Baseline characteristic PA/MD model 
(n=1021)
MD model 
(n=1286)
P Value
   Partner  730 (74%) 949 (77%)
   Widow 119 (12%) 125 (10%)
Smoking status n(%) .65
    No, never smoked  325 (33%) 385 (31%)
    No, but ever smoked 494 (48%) 626 (50%)
    Yes, still smoking  174 (17%) 230 (19%)
Body Mass Index (mean ± SD) 27 ± 5 27 ± 5 .79
Number of hospitalizations for same problem n(%) .20
    1 hospitalization 580 (59%) 693 (56%)
    >1 hospitalization 403 (41%) 540 (44%)
Type of admission n(%) <.001
    Elective 402 (41%) 687 (56%)
    Urgent 588 (59%) 547 (44%)
Discharge destination n(%) <.001
   Home 765 (90%) 965 (92%)
   Hospital 12 (1%) 30 (3%)
   Nursing home/rehabilitation center/hospice 56 (7%) 28 (3%)
   Family relative 18 (2%) 25 (2%)
Note: Numbers may not add up to the total because of missing values
Health outcomes
We had complete QALY data for 779 patients in the intervention group (76%) and 982 
patients in the control group (76%). Utilities related to the three time points and QALYs 
are outlined in Table 2. The EQ-5D utilities did not statistically significantly differ between 
the study arms at baseline and throughout the study. At discharge and one month after 
discharge the mean difference in EQ-5D utility was -0.01 (95% CI -0.06-0.04, p=0.634), re-
spectively -0.04 (95% CI -0.09-0.02, p=0.178), corrected for baseline utility. Similarly, the dif-
ference in QALY gain was not statistically significant during admission nor after discharge. 
Table 2. Utilities at admission, discharge and one month after discharge, and QALY gained
Outcome PA/MD model (n=1,015)
mean (SD)*
MD model (n=1,277)
mean (SD)*
Difference 
mean (95% CI)
P Value
EQ-5D 
  Baseline (admission) 0.64 (0.28) 0.68 (0.29) -0.04 (-0.12-0.03) 0.247
  Discharge 0.71 (0.22) 0.72 (0.23) -0.01 (-0.06-0.04) 0.634
  One month after discharge 0.75 (0.23) 0.78 (0.22) -0.04 (-0.09-0.02) 0.178
QALY gain during admission 0.07 (0.25) 0.04 (0.25) 0.03 (-0.02-0.08) 0.213
QALY gain after discharge** 0.04 (0.22) 0.05 (0.21) -0.02 (-0.07-0.02) 0.216
*Values are summary estimates obtained by multiple imputation
**Difference in QALY between 1 month after discharge and discharge, adjusted for baseline utility
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Resource use and costs
Ninety-nine percent of all patient records were assessed. Item-missing varied from 
2% (unplanned transfer to ICU) to 9% (use of blood products). Resource use after dis-
charge was derived from the questionnaire which was sent to the patient one month 
after discharge. The response rate on this questionnaire was 76% in both study arms. 
Resources used during the period from admission till one month after discharge are 
summarized in supplemental table S2.
Table 3 outlines total costs per patient and costs per item. Mean total costs per patient 
in the intervention group did not significantly differ from the mean costs per patient in 
the control group: mean difference was €568 (95% CI €-254-€1391, p=0.175). Regarding 
the costs per item, we found significant differences of €309 per patient (95% CI €29-
€588, p=0.030) regarding LOS in favor of the MD model. Personnel costs for the PA or MD 
who is primarily responsible for the medical care at the ward was significantly lower 
on the wards in the PA/MD model: mean difference €-11 (95% CI €-16- €-6, p=0.000) 
per patient. Costs for supervision by the staff physicians were significantly higher in 
the PA/MD model: mean difference €43 (95% CI €39-€47, p=0.000). Since the MD model 
also incorporates wards with only medical specialists, supervision is not applicable for 
these wards. To rule out this distortion we performed an additional analysis in which 
we excluded the 4 wards with only medical specialists. This resulted in an opposite 
difference: costs for supervision were now significantly lower for the PA/MD model 
compared to the MD models: mean difference € -11 (€-16- €-6, p=0.000). 
Sensitivity analyses on the range of extremes did not change these results of the 
total costs and costs per item substantially (data not shown, but can be provided on 
request).
Subgroup analyses
Results for the analyses per submodel of medical ward care are shown in Table 4. Mean 
total costs per patient did not significantly differ among the submodels. Costs for LOS 
were on average €465 per patient (95% CI €-920 - €-10, P=0.045) lower in the MS model 
than in the mixed PA/MR model. The other models did not significantly differ from each 
other. Personnel costs for the provider who is primarily responsible for the medical 
care at the ward was significantly highest in the MS model (mean €129, SD €37), and 
lowest in the PA model (mean €51, SD €3). Costs for supervision were significantly 
highest in the MR model (mean €178, SD €79) and lowest in the PA model (mean €121, 
SD €59). We also found significant differences regarding costs for blood products and 
required home care: these were highest in the PA model. 
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Discussion
This study aimed to determine the cost-effectiveness of substitution of inpatient care 
from MDs to PAs. No significant difference between the two study arms was found on 
QALY and total costs. Explorative analyses showed a significant difference in costs for 
LOS in favor of the MD model, and significant differences regarding personnel costs in 
favor of the PA/MD model.  
To our knowledge, this is the first multicenter study that investigated the cost implica-
tions of reallocating inpatient care from MDs to PAs. A few single-centered studies have 
compared costs of non-acute inpatient care delivered by a PA-based team with care 
delivered by a resident-based team [5,6,10].  These studies did not measure QALYs. 
Results regarding total costs were mixed. Roy et al. [5] reported that the care by the 
PA-based team was associated with lower total costs per patient, while Ianuzzi et al. 
[10] reported an association with higher costs. Singh et al. [6] reported similar costs 
between the study arms. These studies can however hardly be compared with our 
study, because different methods to estimate costs were used and the settings were 
different. In addition, most of these studies compared a hospitalist/PA model with the 
traditional resident-based model, while hospitalists were not part of the models we 
used [20]. 
Our previous analysis showed increased provider continuity at the ward with the 
presence of a PA [20]. This study shows that this increased continuity did not cause a 
decrease in costs, especially because of the higher costs for LOS. Subgroup analysis 
showed that costs for LOS were especially higher when compared to the model in 
which only medical specialists were involved. Costs did not significantly differ between 
the PA models and the model which involves only residents. An explanation for the 
lower costs for LOS in the MS model might be that the medical specialists have more 
work experience. The PA profession is relatively new; most of them have a short time of 
experience compared to medical specialists [20]. Over time the clinical experience of 
PAs will become larger, which may lead to lower costs. Besides, we cannot exclude the 
possibility that the lower LOS indicates that the patients which were included in the 
MS model were overall less complex than the patients in the other models. Although 
we’ve adjusted for relevant confounders in the multivariable analysis, it is not possible 
to perfectly adjust for the complexity of the patient in non-randomized comparisons. 
Personnel costs for the provider who is primarily responsible for the medical care at 
the ward were significantly lower on the wards with the PA/MD model when compared 
to the MD model. Subgroup analysis showed highest costs on the wards with only 
medical specialists. This can be explained by the significant higher salary. Besides, we 
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found lower costs on wards with the PA model when compared to the model which 
involves only residents. Since the salary of PAs is comparable to the salary of residents 
(Table S1), the significant difference can be explained by our finding that on the wards 
with the PA/MD model, less time was spend per patient (Table S2). This is probably 
caused by the finding of our previous study that PAs spend less time on indirect inpa-
tient care than residents do [20]. A hypothesis is that since PAs tend to work for a longer 
time at the hospital ward, they might be more familiar with the clinical protocols and 
the procedures, for example when requesting diagnostic tests and consultation of 
other physicians. Also the increased provider continuity might lead to more efficient 
care [20].
In our initial analysis, costs for supervision were significantly higher in the PA/MD 
model when compared to the MD model. However, this finding was biased by the 
wards with only medical specialists, since supervision was not applicable for these 
wards. Costs for supervision were higher on the wards with the mixed PA/MR model 
and the MR model when compared to the PA model. An explanation might be the fact 
that the PAs in the PA model have more work experience than the PAs and residents in 
the other models [21].  An alternative hypothesis is that the difference is caused by the 
teaching culture of the wards. 83% of all included wards with a mixed PA/MR model 
and 69% of all wards with the MR model are from teaching centers, while none of the 
wards with the PA model are [20]. As a consequence, there might be more consultation 
between professionals and more emphasize on education, which could be included in 
the supervision hours. 
This study suggests that the cost-effectiveness of inpatient care delivered by a PA-based 
team is comparable to that of residents-based teams. This does not confirm the find-
ings from qualitative studies, in which medical specialists experienced an increased 
efficiency after employing PAs [21-23]. However, the effectiveness which was experi-
enced by the interviewed providers in our own qualitative study was based on items 
which were not in the scope of this quantitative research [22]. Several interviewees 
experienced increased effectiveness because the PA performs additional tasks which 
were normally the responsibility of the staff physicians or residents, like integrating 
newly employed doctors, performing specific (complex) medical procedures, provid-
ing education or conducting quality projects. As a consequence, staff physicians and 
residents can be employed more effective in for example providing outpatient care 
or conducting surgery. Besides, residents experience increased effectiveness because 
they have more time to focus on the needs for their own education.
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This economic evaluation was conducted from a health care perspective. The societal 
perspective was not taken into account. For example, educational costs for PA stu-
dents are thought to be lower than educational costs for medical students, since the 
vocational training programs take 2.5 and 6 years respectively. Exact costs for training 
PA students are however hard to determine, because Dutch PA students have already 
obtained a health care related Bachelor’s degree of 4 years and have at least 2 years of 
clinical work experience in the health care domain [24]. Besides, since the PA educa-
tion is a shortened form of the traditional medical education, it is thought that policy 
makers can respond quicker on the frequently changing demand for medical profes-
sionals within health care organizations. Another value from the social perspective 
might be that becoming a PA is an interesting opportunity for nurses and other health 
care providers wanting to advance their career [25-26]. As a consequence, motivated 
employees can be saved for the health care workforce.
Several strengths and limitations have to be mentioned. A strength is the multicenter 
design, which increases the generalizibility of our findings. We included a broad range 
of clinical disciplines from different types of hospitals. A limitation is the non-random-
ized design. Different from other countries, the Dutch PA programs incorporate a dual 
work-education model, which means that students are employed within a particular 
medical specialty from the day of their enrollment in the master’s PA program [24,27]. 
After graduation, the majority continue their employment at the same department. 
The suggestion of randomly relocating the graduated PA to another hospital ward 
could lead to resistance among the staff physicians who put considerable effort in 
the training. The non-randomized character of this study does imply an increased risk 
for confounding, which we accounted for in the multivariable analyses. Besides, we 
tried to reduce heterogeneity within our data by conducting subgroup analyses for 
the four models for medical ward care separately. However, we cannot exclude that 
there are still local differences like policies about quality of care and patient case-mix 
which still influence our results. Besides, the results of the subgroup analyses should 
be interpreted with caution because of low numbers of patients per subgroup. 
Conclusion
This study suggests that the cost-effectiveness on wards managed by PAs is similar to 
the care on wards with traditional house staffing by MDs. The implementation of PAs 
may reduce personnel costs, but not overall health care costs.
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Table S2. Resources use during admission and one month after discharge
Item PA/MD model (n=1015) MD model (n=1277)
Admission
Length of stay
   Days, median (IQR) 6 (4-10) 5 (4-8)
Non-elective transfer to ICU  
   Days, median (IQR)
   n/N (%)
0 (1-2)
19/987 (2%)
0 (1-1)
23/1242 (2%)
Resources use during admission
 Medication Variable Variable
 Laboratory tests 
    Number of items analyzed, median (IQR)
    n/N (%)
31 (8-66)
870/954 (91%)
34 (8-71)
1130/1254 (90%)
 Diagnostic investigations  
    number of investigations,  median (IQR)
     n/N (%)
1 (0-3)
692/932 (74%)
1 (0-2)
711/1143 (62%)
 Blood components 
    number of blood components,  median (IQR)
    n/N (%)
0 (0-0)
64/998 (6%)
0 (0-0)
54/1097 (5%)
Consultation with health care suppliers during admission
Medical or surgical consultant
    number of consultation,  median (IQR)
    n/N (%)
0 (0-1)
281/912 (31%)
0 (0-0)
297/1256 (24%)
Paramedics and specialist nurses 
    number of consultation,  median (IQR)
    n/N (%)
1 (0-4)
554/953 (58%)
0 (0-2)
612/1246 (49%)
Personnel
PA/MD who is primarily responsible for medical care at the 
ward 
     hours, mean (SD)
1.80 (0.93) 1.98 (1.60)
Supervision by staff physician  
     hours, mean (SD)
1.34 (0.80) 1.11 (0.90)
     Exclusion of wards with staff physicians only 1.34 (0.80) 1.53 (0.68)
Resources use during first month after admission
Presentation at emergency department 
     number of presentations
     n/N (%)
0 (0-0)
119/743 (16%)
0 (0-0)
169/941 (18%)
Non-elective readmission 
     Days, median (IQR)
     n/N (%)
0 (0-0)
66/738 (9%)
0 (0-0)
77/935 (8%)
Contact with general practitioner
     number of contacts
     n/N (%)
1 (0-2)
214/577 (54%)
1 (0-2)
394/702 (56%)
Required nursing home care 
     Hours, median (IQR)
     n/N (%)
0 (0-1)
97/589 (16%)
0 (0-0)
91/713 (13%)
Required domestic home care 
     Hours, median (IQR)
     n/N (%)
0 (0-0)
118/741 (16%)
0 (0-0)
169/941 (18%)
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Abstract
Aim: This study determined the effect of substitution of inpatient care from 
medical doctors (MDs) to physician assistants (PAs) on adherence to guidelines 
on medication prescribing, operationalized by measuring a set of quality indica-
tors on prescribing errors or non-adherence to pharmacological guidelines.
Methods: A multicenter matched-controlled study was performed comparing 
wards on which PAs provide medical care in collaboration with MDs (PA/MD 
model), with wards on which only MDs provide medical care (MD model). A 
set of 17 quality indicators to measure adherence to guidelines on medication 
prescribing by PAs and MDs was composed by 14 experts in a modified Delphi 
procedure. The indicators covered six different pharmacotherapeutic subjects: 
gastric protection in case of use of NSAID or salicylates; prevention of obstipation 
in case of use of opioids; adequate prescribing in case of impaired renal function; 
adjustment of medication in case of use of iodinated radiocontrast;  prevention 
of toxicity of methotrexate; and avoidance of certain medication in combination 
with vitamin K antagonists. These indicators were expressed in proportions 
by dividing the number of patients in which the prescriber did not adhere to a 
guideline, by all patients that were applicable. Multivariable regression analysis 
was performed in order to adjust for potential confounders.
Results: 1021 patients from 17 hospital wards in the ‘PA/MD model’ group and 
1286 patients from 17 hospital wards in the ‘MD model’ group were included. 
Two of the 17 quality indicators showed significantly less non-adherence to 
guidelines for the PA/MD model; the indicators concerning prescribing gastric 
protection in case of use of NSAID in combination with corticosteroids and in 
case of use of NSAID in patients older than 70 years (OR 0.42, 95% CI 0.19-0.90 
respectively OR 0.47, 95% 0.23-0.95). For none of the other quality indicators for 
prescribing of medication a difference between the MD model and the PA/MD 
model was found. 
Conclusion: This study suggests that the adherence to guidelines on medica-
tion prescribing on wards with the PA/MD model is comparable to the wards with 
traditional house staffing by MDs only. Further research is needed to determine 
quality, efficiency and safety of prescribing behaviour of PAs.
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Introduction
Hospital care, nowadays, is characterized by a rising prevalence of chronic diseases, 
ongoing specialization in medical disciplines and increasing dependence on new 
technologies [1]. To cope with these challenges, many hospitals in different countries 
have introduced dedicated ward physicians, who are responsible for the delivery and 
coordination of the daily medical care of hospitalized patients. Their work includes 
daily ward rounds, performing physical examinations, making decisions regarding nec-
essary tests, treatments and procedures, rendering medical diagnoses and generating 
and reviewing clinical data [2]. The role of this ward physician has mainly been fulfilled 
by medical residents or medical specialists [2, 3]. The turnover is traditionally high 
due to use of recent medical graduates who are planning to do fellowships and the 
mandatory rotational cycles. In recent years, however, there is an increasing pressure 
to deliver health care efficiently. Medical procedures are more and more standardized 
and there are concerns about the continuity, quality and safety of clinical processes. 
Therefore, these tasks are now increasingly allocated to physician assistants (PAs), for 
example in the USA, Canada, the UK and the Netherlands. PAs generally do not rotate 
and constitute a factor of stability in the continually changing medical workforce [4-6]. 
A PA is a non-physician health care professional licensed to practice medicine in de-
fined domains, in collaboration with MDs but with a substantial degree of professional 
autonomy [7]. PAs who are employed for medical care for admitted patients usually 
work in a team comprising both PAs and MDs (i.e. residents, staff physicians or hospi-
talists). The level of professional autonomy of PAs differs between countries. The scope 
of practice is determined by law as well as by the competencies of the PAs, the comfort 
level of the MD with the PA and the perceived needs in health care delivery. Although 
there is a worldwide trend of an increase of PAs in the management of hospitalized 
patients, scientific evidence on the impact of PAs on health care outcomes and costs is 
limited. Overall, outcomes of these studies suggest that quality and efficiency of care 
provided by PAs is similar to that of MDs [8-13]. 
Prescribing medication is considered a fundamental part of medical ward care 
practice. Up to 20-50% of admitted patients experience one or more adverse drug 
events (ADEs) during their hospital stay. Approximately 50% of these ADEs is poten-
tially preventable. They mainly derive from prescribing errors that lead to potentially 
preventable morbidity, mortality and costs [14-17]. Research on prescribing errors is 
mainly focused on prescription of medication by physicians [14-17]. Since January 
2012, legislation in Dutch health care authorizes PAs to prescribe medication without 
supervision [18, 19]. However, scientific evidence on the quality of drug prescribing or 
adherence to clinical practice guidelines by PAs is hardly available. Published research 
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about quality of drug prescribing by nurses and nurse practitioners (NPs) suggests that 
this is overall safe. This conclusion should however be interpreted cautiously given the 
methodological weaknesses in the body of research [18, 19]. Furthermore, the scope of 
drug prescription by NPs (daily activities in care and cure, generally for a specific group 
of patients) differs from that of PAs (activities only in cure, for a broader population of 
patients). Generally, PAs prescribe drugs to a higher diversity of patients [20]. In this 
study, we determined the effect of substitution of inpatient care from MDs to PAs on 
the adherence to guidelines on medication prescribing, operationalized by measuring 
a set of quality indicators on prescribing errors or non-adherence to pharmacological 
guidelines. 
Study aim
The aim of the study was to compare the adherence to guidelines on medication pre-
scribing on hospital wards where PAs fulfill the role of ward physician in collaboration 
with MDs, to the adherence to guidelines on medication prescribing on wards where 
the role of ward physician is solely fulfilled by MDs.
Methods
Study design and setting
This study was conducted as part of a multicenter matched-controlled study com-
paring wards utilizing a mixed ‘PA/MD model’, on which PAs provide medical care in 
collaboration with MDs, with wards utilizing a ‘MD model’, on which only MDs provide 
medical care. This study has been described in detail previously [21]. In short, the 
study aimed to measure the effects of substitution of inpatient care from MDs to PAs 
on length of hospital stay, on several indicators for quality and safety of inpatient care 
and on patient experiences. 17 wards of the MD model were matched with 17 wards of 
the PA/MD model based on medical specialty and hospital type (i.e. academic versus 
non-academic). Hospital wards were assigned to the PA/MD group if the PA covered at 
least 51% of the available ward care hours per week during dayshifts (8 a.m. till 18 p.m.) 
on weekdays. Wards were assigned to the control group if medical care was exclusively 
provided by MDs. Most of the MDs were residents. In some smaller hospitals, the medi-
cal specialists provided all medical care for the admitted patients.
In all hospitals in the Netherlands a computerized physician order entry (CPOE) system 
is implemented to support prescribing. Hospital pharmacists check medication of all 
patients on a daily basis with the aid of computer-generated alerts based on a national 
database (‘G-standard; www.z-index.nl) and with clinical decision support (CDS) sys-
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tems combining clinical patient data (like renal function and electrolyte levels) with 
the medication to assess. If necessary, hospital pharmacists warn the prescriber for 
specific prescribing errors.
Study population
Patients admitted to 34 different hospital wards across 23 hospitals were included. 
Terminally ill patients, patients younger than 18 years and patients in daycare (hospital 
admission of 24 hours or less) were excluded. 
Outcome measures
To measure the quality of prescribing by PAs and MDs, a set of 17 indicators was 
composed by means of a consensus procedure. First, provisional indicators were se-
lected from scientific literature by a hospital pharmacist (JB) and an internist-clinical 
pharmacologist (CK). The selected quality indicators had to relate to medication that 
has shown to be frequently involved in potentially preventable, clinically relevant, 
drug-related problems [14-16, 22, 23]. The indicators had to be undisputed and should 
be clearly referenced in a national clinical practice guideline or in the SmPC (Summary 
of Product Characteristics) of the concerned drug. The indicators were assumed to be 
part of general knowledge of the prescriber. Selection was also based on the available 
data from the matched-controlled study and the potential relevance for a diversity of 
medical specialties. 
Second, an expert panel of five hospital pharmacists and nine medical specialists (two 
internist-clinical pharmacologist, one geriatrician-clinical pharmacologist, one ne-
phrologist-clinical pharmacologist, one surgeon and four internists) was approached 
to participate in a modified Delphi procedure [24]. We asked the expert panel to score 
the list of provisional indicators on their relevance to determine the quality of drug 
prescription by physicians on the ward. Scoring was done independently by e-mail. A 
nine-point Likert scale ranging from 1 (hardly relevant) to 9 (extremely relevant) was 
used to rate the indicators and also a category ‘could not assess’ was available. In 
addition, we asked for suggestions for new indicators. In case the suggestions for new 
indicators were measurable, we included the indicator in a second consensus round. 
We used a rating scale based on the RAND appropriateness method [25]. Indicators 
with a median score of at least seven were considered as face valid and relevant and 
were selected for the final set of indicators. However, in case of too much diversity in 
scores for one indicator (i.e. at least 30% of the scores as well in the lowest tertile as in 
the highest tertile), the indicator was not selected [26].  
Chapter 6
100
In Table 1 we present the final set of 17 included quality indicators for prescribing. The 
indicators covered different pharmacotherapeutic subjects, such as gastric protection 
in case of use of NSAID or salicylates, prevention of obstipation in case of use of opioids, 
adequate prescribing in case of impaired renal function, adjustment of medication in 
case of use of iodinated radiocontrast agents, prevention of toxicity of methotrexate 
and avoidance of certain medication in combination with vitamin K antagonists.  
The outcome measure of this study is the non-adherence to guidelines on medication 
prescribing measured by 17 quality indicators. These indicators are expressed in pro-
portions by dividing the number of patients in which the prescriber did not adhere to a 
guideline, by all patients that were applicable. The MD model served as the reference 
category. 
Data collection
All required data for the quality indicators were retrospectively derived from patient 
medical records by trained medical students and researchers.  To ensure validity, a 
random sample of 10% of the patient records per ward was analyzed by a second re-
searcher, who was blinded for the outcome of the initial researcher. In case of an inter-
rater agreement of less than 95%, the records of the total sample were reassessed.
Sample size and data analysis
The sample size was calculated to detect a relative difference of 20% in length of stay 
(LOS), which was the primary outcome measure of the multicenter study. 34 Wards (17 
in each arm) with 100 patients each were calculated to be required [21, 36]. For the 
present study, no sample size calculation was performed.
Baseline characteristics of the study population are presented as mean and standard 
deviations (mean ± SD) for continuous variables, and proportion (%) for categorical 
variables. Quality indicators were expressed as proportions by dividing the number 
of patients in whom the prescriber did not adhere to a guideline, by the number of 
patients to which the guideline applied. To compare differences on the selected indi-
cators between the PA/MD model and the MD model, logistic regression analyses were 
performed. Multivariable models were constructed to correct for relevant differences 
between the groups at baseline. Associations were expressed as odds ratios with 95% 
confidence interval. In all analyses, two-tailed p-values of 0.05 or lower were consid-
ered statistically significant. Analyses were performed with SPSS statistics version 24 
(IBM Software, USA).
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Table 1: Indicators to measure adherence to guidelines on medication prescribing
Quality indicator Reference indicator Median score 
by experts*
Gastric protection 
1.  Check if a proton pump inhibitor was 
added in all patients with an ulcer in 
history and use of an NSAID.
NSAID use and prevention of gastric damage 
(guideline 2003 CBO)[27]
9
2.  Check if a proton pump inhibitor was 
added in all patients with an age of older 
than 70 years and use of an NSAID.
NSAID use and prevention of gastric damage 
(guideline 2003 CBO)[27]
8
3.  Check if a proton pump inhibitor 
was added in all patients with use of 
coumarines in combination with an 
NSAID.
NSAID use and prevention of gastric damage 
(guideline 2003 CBO)[27]
9
4.  Check if a proton pump inhibitor 
was added in all patients with use of 
corticosteroids in combination with an 
NSAID.
NSAID use and prevention of gastric damage 
(guideline 2003 CBO)[27]
7,5
5.  Check if a proton pump inhibitor was 
added in all patients with an age of older 
than 80 years and use of salicylates.
Recommendations of the Dutch HARM-
Wrestling Task Force [28]
8
Prevention of obstipation
6.  All patients with use of an opioid were 
checked if a laxative was added. Patients 
with intestinal stoma were excluded.
Pain (guideline NHG)[29]
Diagnostics and treatment of pain [30]
8
Impaired renal function - Drugs with a 
contraindication
7.  In all patients with impaired renal 
function (MDRD<30 ml/min/1.73m2) was 
checked if an NSAID was avoided.
Dutch national G-standard; SmPC NSAID [31, 
32]
9
8.  In all patients with impaired renal 
function (MDRD<30 ml/min/1.73m2) was 
checked if nitrofurantoin was avoided.
Dutch national G-standard; SmPC 
nitrofurantoin [31, 32]
7,5
9.  In all patients with impaired renal 
function (MDRD<30 ml/min/1.73m2) was 
checked if dabigatran was avoided.
Dutch national G-standard;  SmPC dabigatran 
[31, 32]
8
10.  In all patients with impaired renal 
function (MDRD<30 ml/min/1.73m2) was 
checked if metformin was avoided.
Dutch national G-standard;  SmPC metformin 
[31, 32]
8
Impaired renal function - Dose adjustment 
11.  All patients with impaired renal function 
and use of a therapeutic dose of LMWH 
were checked if the therapeutic dose of 
LMWH was adjusted.
Dutch national G-standard; SmPC LMWH[31, 
32]
8
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Ethical considerations
Ethical approval was sought from the Research Ethics Committee of the Radboud 
University Nijmegen Medical Centre (registration number: 2012/306); the committee 
judged that ethical approval was not required under Dutch National Law. All data 
were handled strictly confidential and written informed consent was obtained from 
all patients.
Quality indicator Reference indicator Median score 
by experts*
Use of iodinated radiocontrast
12.  All patients, that received iodinated 
radiocontrast because of imaging 
diagnostic examination and use of 
diuretics, were checked if the diuretic 
was discontinued on the day of the test.
Precautions for use of iodinated radiocontrast 
(guideline 2007 NVR)[33]
7
13.  All patients, that received iodinated 
radiocontrast because of imaging 
diagnostic examination and use of an 
NSAID, were checked if the NSAID was 
discontinued on the day of the test.
Precautions for use of iodinated radiocontrast 
(guideline 2007 NVR)[33]
8
14.  All patients, that received iodinated 
radiocontrast because of imaging 
diagnostic examination and a MDRD<60 
ml/min/1.73m2, were checked if the 
metformin was discontinued on the day 
of the test.
Precautions for use of iodinated radiocontrast 
(guideline 2007 NVR)[33]
7,5
Prevention of toxicity
15.  All patients, that use methotrexate, were 
checked on concurrent use of folic acid.
Diagnostics and treatment of rheumatoid 
arthritis (guideline 2009 CBO)[34]
7
Dosing of vitamin K antagonists
16.  In all patients with use of vitamin K 
antagonist was checked if miconazole 
was avoided.
The art of dosing of vitamin K antagonists 
(guideline FNT 2016)[35]
8
17.  In all patients with use of vitamin K 
antagonist was checked if cotrimoxazol 
was avoided. Only for patients with PJP 
this combination was allowed.
The art of dosing of vitamin K antagonists 
(guideline FNT 2016)[35]
8
*: median score of an expert panel on a nine-point scale (rated 1 to 9), performed to assess the relevance of 
the indicator in determining the adherence to guidelines on medication prescribing.
Abbrevations: FNT= Federation of Dutch Anticoagulant Services, NSAID = Non steroidal anti-inflammatory 
drug, MDRD = modification of diet in renal disease, LMWH =Low molecular weight heparin, NHG= Dutch 
Society of General Practitioners, NVR=Dutch Association of Radiology, PCP=pneumocystis jiroveci pneu-
monia
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Results
1021 Patients from 17 hospital wards were included in the ‘PA/MD model’ and 1286 
patients from 17 hospital wards were included in the ‘MD model’. The main characteris-
tics of the patients are summarized in Table 2. Most characteristics were well balanced 
between the groups. Less patients in the PA/MD model group were admitted electively 
in comparison with the MD model. (41% versus 56%). 
Table 2. Baseline characteristics of patients
Baseline characteristic PA/MD model (n=1021) MD model (n=1286)
Medical specialty n(%)
    Surgery  601 (59%) 696 (54%)
    Gastroenterology 102 (10%) 181 (14%)
    Pulmonology 91 (9%) 107 (8%)
    Cardiology 101 (10%) 124 (10%)
    Orthopaedics 103 (10%) 100 (8%)
    ENT, head and neck oncology surgery 23 (2%) 78 (6%)
Hospital type  n(%)
    Teaching 552 (54%) 709 (55%)
       Academic 23 (2%) 78 (6%)
       Non-academic 529 (52%) 631 (49%)
    Non-teaching 469( 46%) 577 (45%)
Gender, male  n(%) 524 (53%) 682 (54%)
Age, years mean ± SD 64 ± 16 63 ± 15
Primary diagnoses  n(%)
    Digestive system 204 (20%) 247 (19%)
    Circulatory system 158 (16%) 274 (22%)
    Neoplasms  108 (11%) 195 (15%)
    Musculoskeletal system and connective tissue 120 (12%) 119 (9%)
    Injury and poisoning 135 (13%) 80 (6%)
    Infectious and parasitic diseases 59 (6%) 81 (6%)
    Respiratory system 51 (5%) 75 (6%)
Charlson index for co-morbidity score mean ± SD (% 
with score ≥1)
1.1 ± 1.8 (43%) 1.1 ± 1.8 (44%)
Type of admission n(%)
    Elective 402 (41%) 687 (56%)
    Acute 588 (59%) 547 (44%)
Note: Numbers may not add up to the total because of missing values
Table 3 shows the results of the quality indicators expressed as the proportion of pa-
tients in which the prescriber in the ‘PA/MD model’ group and in the ‘MD model’ group 
did not adhere to a pharmacotherapeutic guideline and the corresponding odds ratios 
with 95% confidence interval. Two of the 17 quality indicators showed significantly 
less non-adherence for the PA/MD model. These were the indicators concerning pre-
scribing gastric protection in case of use of NSAID in combination with corticosteroids 
and in case of use of NSAID in patients older than 70 years (OR 0.42, 95% CI 0.19-0.90 
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respectively OR 0.47, 95% 0.23-0.95)). In none of the other quality indicators a differ-
ence between the MD model and the PA/MD mixed model was found.
Table 3. Non-adherence to pharmacotherapeutic guidelines, based on the selected quality indicators
Quality indicator PA/MD model ** MD model** Adjusted Odds 
ratio *
OR 95% CI
Gastric protection 
1.  All patients with an ulcer in history and use 
of an NSAID were checked if a proton pump 
inhibitor was added. 
0/6 (0%) 1/11 (9.1%) NA
2.  All patients with an age of older than 70 years 
and use of an NSAID were checked if a proton 
pump inhibitor was added.
18/113 (15.9%) 25/100 (25%) 0.47 0.23-0.95 
(p=0.037)
3.  All patients with use of coumarines in 
combination with an NSAID were checked if a 
proton pump inhibitor was added.
6/27 (22.2%) 6/21 (28.6%) 0.66 0.18-2.48
4.  All patients with use of corticosteroids in 
combination with an NSAID were checked if a 
proton pump inhibitor was added.
9/58 (15.5%) 81/248 (32.7%) 0.42 0.19-0.90
(p=0.012)
5.  All patients with an age of older than 70 years 
and use of salicylates were checked if a proton 
pump inhibitor was added.
13/51 (25.5%) 11/50 (22%) 1.41 0.53-3.74
Prevention of obstipation
6.  All patients with use of an opioid were 
checked if a laxative was added. Patients with 
intestinal stoma were excluded.
463/606 (76.4%) 590/785 (75.2%) 1.13 0.87-1.46
Impaired renal function - Drugs with a 
contraindication
7.  In all patients with impaired renal function 
(MDRD<30 ml/min/1.73m2) was checked if an 
NSAID was avoided.
3/24 (12.5%) 0/22 (0%) NA
8.  In all patients with impaired renal function 
(MDRD<30 ml/min/1.73m2) was checked if 
nitrofurantoin was avoided.
1/24 (4.2%) 2/22 (9.1%) 0.41 0.03-4.96
9.  In all patients with impaired renal function 
(MDRD<30 ml/min/1.73m2) was checked if 
dabigatran was avoided.
0/24 (0%) 1/22 (4.5%) NA
10.  In all patients with impaired renal function 
(MDRD<30 ml/min/1.73m2) was checked if 
metformin was avoided.
7/24 (29.2%) 3/22 (13.6%) 2.58 0.57-11.62
Impaired renal function - Dose adjustment 
11.  All patients with impaired renal function 
and use of a therapeutic dose of LMWH were 
checked if the therapeutic dose of LMWH was 
adjusted.
0/2 (0%) 0/5 (0%) NA
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Quality indicator PA/MD model ** MD model** Adjusted Odds 
ratio *
OR 95% CI
Use of iodinated radiocontrast
12.  All patients, that received iodinated 
radiocontrast because of imaging diagnostic 
examination and use of diuretics, were 
checked if the diuretic was discontinued on 
the day of the test.
48/67 (71.6%) 51/68 (75%) 0.80 0.36-1.78
13.  All patients, that received iodinated 
radiocontrast because of imaging diagnostic 
examination and use of NSAID, were checked if 
the NSAID was discontinued on the day of the 
test.
44/70 (62.9%) 37/60 (61.7%) 1.02 0.49-2.12
14.  All patients, that received iodinated 
radiocontrast because of imaging diagnostic 
examination and a MDRD<60 ml/min/1.73m2, 
were checked if the metformin was 
discontinued on the day of the test.
2/2 (100%) 4/9 (44.4%) NA
Prevention of toxicity
15.  All patients, that used methotrexate, were 
checked on concurrent use of folic acid.
0/8 (0%) 0/12 (0%) NA
Dosing of vitamin K antagonists
16.  In all patients with use of vitamin K antagonist 
was checked if miconazole was avoided.
1/124 (0.8%) 1/153 (0.7%) 1.28 0.08-20.71
17.  In all patients with use of vitamin K antagonist 
was checked if cotrimoxazol was avoided. 
Only for patients with PJP this combination 
was allowed.
4/124 (3.2%) 0/153 (0%) NA
NA=not applicable because of limited number of cases
* Adjusted for type of admission (elective or acute)
** Quality indicators are expressed in proportions by dividing the number of patients in which the pre-
scriber did not adhere to a guideline, by all patients that were applicable. The MD model served as the 
reference category.
Discussion
In this study we aimed to determine the effect of substitution of inpatient care from 
MDs to PAs on adherence to guidelines on medication prescribing on the ward. Indica-
tors of prescribing gastric protection in case of use of NSAID by patients with an age of 
older than 70 years or use of corticosteroids showed better adherence in the ‘PA/MD 
model’ group than in ‘MD model’ group. None of the other quality indicators showed a 
significant association between the involvement of PAs and the quality of prescribing. 
Adherence to recommendations varied across indicators, but was tended to be low 
overall. Although we have to interpret the results cautiously because of the relatively 
small sample size for several quality indicators, this study suggests that the adherence 
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to guidelines on medication prescribing on wards on which PAs provide medical care 
in collaboration with MDs (PA/MD model), is not different from wards on which only 
MDs provide medical care (MD model).
In recent years the PA has been increasingly introduced in the hospital. A PA is a non-
physician health care professional licensed to practice medicine in defined domains 
and trained to do tasks that were formerly performed by physicians only. The primary 
motive for employing a PA in Dutch health care is to increase continuity and quality 
of care [37].  The level of professional autonomy of PAs differs between countries. 
From the introduction of the PA there has been debate about prescribing by PAs [19]. 
It has been suggested that only physicians have the exclusive capability to prescribe 
medication and that only physicians should be allowed to do so. Prescribing is viewed 
as a very complex, risky clinical task. Many studies have shown that medication errors 
made by physicians lead to preventable adverse events in hospitals [14-17]. Nowadays, 
in several countries PAs have been authorized to prescribe a limited list of medication, 
based on the specific training of the PA. Until now, there have been no studies to evalu-
ate prescribing of PAs compared to MDs.
We found that the PA/MD model performed better on the quality indicators concerning 
gastric protection in case of NSAID use in combination with another risk factor. Van den 
Bemt et al. found that the proportion of admissions in which MDs were not compliant 
with guidelines on gastric protection in case of use of NSAID in hospitalized surgical 
patients was 46.6% [39]. We found a better performance of both models in our study, 
but a significant better result in case of the PA/MD model. For this specific guideline, 
this could confirm the hypothesis that PAs are more dedicated to follow the guideline. 
For the indicator that measures prevention of obstipation in case of use of opioids we 
found no difference in adherence of the guideline (non-adherence 76.4% for the PA/
MD model and 75.2% for the MD model). We excluded patients with intestinal stoma, 
but for this guideline there are more situations in daily practice in which a prescriber 
could deviate from this guideline. It is possible that results of better compliance by PAs 
are covered by a higher percentage of knowingly deviation from guidelines because of 
certain patient circumstances by residents.
We found that a diuretic, NSAID, or metformin in case of renal failure, was often not 
discontinued when patients received iodinated radiocontrast because of imaging 
diagnostic examination (68.3% for the PA/MD model and 70.5% for the MD model). 
Schilp et al. studied adherence to the guideline concerning identification and hydra-
tion of high-risk patients for contrast-induced nephropathy in different hospitals and 
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found that only two third of the high-risk patients were hydrated before radiocontrast 
administration, but they didn’t measure discontinuation of drugs according to the 
guideline [40]. 
Overall, adherence to guidelines varied across the indicators we measured, but tended 
to be low. This is in line with earlier research on pharmacotherapeutic guideline adher-
ence [39-41]. Different variables, such as organizational, guideline or patient factors 
but also health professional factors, that prevent guideline adherence, have been de-
scribed [42]. Our study suggests that a poor guideline adherence cannot be explained 
by a difference in prescribing by PAs and MDs.  
This study has some methodological strengths and limitations. A major strength of 
this study is the multicenter design. 15 wards in teaching hospitals and 19 wards in 
non-teaching hospitals were included. This is approximately in proportion with the 
general situation in the Netherlands (36 teaching hospitals and 60 nonteaching hos-
pitals). Most of the wards were from a surgical (sub)specialty. We know that, in the 
Netherlands, most of the PAs are employed at a surgical department. Another strength 
of the study is the broad set of indicators that measures non-adherence to guidelines 
and covers different pharmacotherapeutic subjects. Moreover, this set was composed 
by a consensus procedure in which 14 medical experts participated in a modified Del-
phi procedure to select a final set of representative indicators, which are considered 
clinically relevant for inpatient care. 
One of the limitations is the non-randomized design of the study, which implies an 
increased risk of confounding. We took this into account by performing multivariable 
analyses. However, we cannot exclude that there are small local differences like the 
organization of ward care (care by resident or specialist, arrangement of supervision), 
policies on the medication process, and patient case-mix, that are not accounted for 
in the analysis. Another limitation of this study is the relatively small sample size for 
several quality indicators we measured. The primary study was not powered to detect 
effects on prescribing indicators. Results of the statistical analyses should therefore 
be interpreted with caution. This study compared wards with a PA/MD model to wards 
with traditional house staffing by MDs only. This implicates that prescribing of medica-
tion on the wards with the PA/MD model was not only performed by PAs. We measured 
more likely a team performance than the performance of the PA alone. However, PAs 
covered most of the available ward care hours per week during dayshifts (median 68% 
(IQR 48-77%)) [38]. Besides, measurement on the ward with several medical residents 
and medical specialists can also be interpreted as team performance. 
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It is important to obtain more evidence on quality, safety or efficiency of prescribing by 
PAs to be sure that the complex task of prescribing can be performed by these medi-
cally trained professionals. Dedicated research should be designed and performed 
with measures as guideline adherence, adverse drug events and prescribing errors, 
linked to relevant clinical patient outcome measures.  
Conclusions
This study suggests that the adherence to guidelines on medication prescribing on 
wards with the PA/MD model is not different from the adherence on wards with tra-
ditional house staffing by MDs only. Further research is needed to determine quality, 
efficiency and safety of prescribing behaviour of PAs.
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Abstract
Objectives: To identify determinants of the initial employment of physician 
assistants (PAs) for inpatient care as well as of the sustainability of their employ-
ment.
Design: We conducted a qualitative study with semi structured interviews with 
care providers. Interviews continued until data saturation was achieved. All 
interviews were transcribed verbatim. A framework approach was used for data 
analysis. Codes were sorted by the themes, bringing similar concepts together.
Setting: This study was conducted between June 2014 and May 2015 within 11 
different hospital wards in the Netherlands. The wards varied in medical spe-
cialty, as well as in hospital type and the organizational model for inpatient care.
Participants: Participant included staff physicians, residents, PAs and nurses.
Results: The following themes emerged to be important for the initial employ-
ment of PAs and the sustainability of their employment: the innovation, indi-
vidual factors, professional interactions, incentives and resources, capacity for 
organizational change and social, political and legal factors.
Conclusions: 10 years after the introduction of PAs, there was little discussion 
among the adopters about the added value of PAs, but organizational and fi-
nancial uncertainties played an important role in the decision to employ and 
continue employment of PAs. Barriers to employ and continue PA employment 
were mostly a consequence of locally arranged restrictions by hospital manage-
ment and staff physicians, as barriers regarding national laws, PA education and 
competencies seemed absent.
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Introduction
Hospital care is characterized by increasing demands for efficiency in health care, a ris-
ing prevalence of chronic diseases and ongoing specialization in medical disciplines. In 
the light of these developments, many hospitals, particularly in the USA, have adopted 
the hospitalist model to cope with these challenges [1]. Hospitalists are responsible for 
the delivery and coordination of the general medical care of the hospitalized patients 
[2]. In the Netherlands, medical care on hospital wards is mostly provided by residents. 
These residents cover medical care for the admitted patients at a specific hospital de-
partment for a specific medical specialty, and are being supervised by staff physicians. 
Alternative to the resident model, inpatient care has increasingly been reallocated to 
physician assistants (PAs). Reasons for this reallocation are an increased appreciation 
of continuity of care, a growing pressure to deliver health care efficiently and a (local) 
shortage of physicians [3-5]. A PA is a non-physician health care professional licensed 
to practice medicine in defined domains, with variable degrees of professional au-
tonomy [6]. In the Netherlands, the autonomy of PA practice varies considerably with 
experience, training, practice setting and employer expectations. Since 2012, PAs are 
legally authorized to prescribe medication autonomously and to indicate and perform 
specific medical procedures [7].
PAs in the USA have a long history in medicine, especially in primary care. Since the year 
2000, there has been a shift from primary care to hospital care, and currently, about 
two-thirds of all PAs are in a surgical or medical subspecialty [8]. In the Netherlands, 
PAs have been introduced in 2001, and the majority has traditionally been employed 
in hospitals, especially to take care of hospitalized patients within a certain surgical or 
medical specialty [9].  It is expected that within the next decades, the role of PAs in the 
management of hospitalized patients will increase worldwide. However, the effective-
ness of delivered care by new professionals is greatly affected by its implementation 
[10]. Knowledge of the barriers and facilitators which care providers experience in 
the initial employment of PAs for inpatient care as well as the sustainability of this 
employment is important to facilitate the implementation of these roles. Although 
previous studies on barriers and facilitators of the implementation process have been 
conducted [9, 11, 12], these studies were not focused on inpatient care or focused only 
on the experiences of physicians. To have a comprehensive insight into all relevant 
barriers and facilitators for implementation of PAs, it is important to involve relevant 
stakeholders.
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Study aim
In this study, barriers and facilitators for the implementation of PAs in inpatient care 
were explored. We identified determinants of the initial employment of PAs, as well as 
of the sustainability of their employment.
Methods
Study design and sampling
This qualitative study was linked to a comparative evaluation examining the effective-
ness of substitution of inpatient care from physicians to PAs [13]. Sampling of wards 
was performed purposively to capture a diversity of medical specialties, hospital types 
and inpatient care models. The study sample consisted primarily of hospital wards 
on which currently at least one graduated PA was employed, or on which in the past 
a PA was employed for medical care. In addition, we added wards on which PAs were 
never employed, to elaborate which factors were related to not employing a PA. On 
each ward, a sample of relevant providers (PAs, staff physicians, residents and nurses) 
were interviewed. On the wards on which PAs were never employed, only staff physi-
cians were interviewed because in general they have the main vote in the decision to 
employ a PA. We initially asked the staff physician or the PA (ie, the contact person of 
the comparative study) by email or telephone to participate in this qualitative study. 
Subsequently, the staff physician or PA recruited the other professions.
Interviews
Semi-structured individual interviews were conducted by two researchers who were 
trained in qualitative research methods (ITHMM and MJCT). Both researchers attended 
a course on individual interviewing beforehand. All interviews were framed by a topic 
list, which was developed in consultation with experts in substitution of hospital care 
and tested in a pilot study. A published framework of determinants of implementation 
of innovations was used to guide the interviews and their analysis [14]. This TICD frame-
work specifies 57 implementation determinants in 7 domains: (1) guideline factors; 
(2) individual factors; (3) patient factors; (4) professional interactions; (5) incentives 
and resources; (6) capacity for organizational change and (7) social, political and legal 
factors. The framework is based on an integrative analysis of 14 previously published 
frameworks for the implementation of evidence-based practice. Since our research is 
about the implementation of revised professional roles, we rephrased the first domain 
into ‘the innovation’. While using the framework, we encouraged open narrations to 
elicit information the interviewee deemed important. During all interviews, short notes 
were written about verbal and non-verbal features, to provide the researchers with 
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reference data against which to analyze the interviews. The semi-structured interviews 
were taken between June 2014 and May 2015, lasted about 30–45 min for each of the 
professions and were audiotaped. All but two interviews were face to face and took 
place in the participants’ practice setting. Interviews continued until data saturation 
was achieved per subgroup of profession, on the basis of interim analyses after each 
set of five to eight interviews, as demonstrated by the absence of new themes emerg-
ing from analysis [15].
Data analysis
All interviews were transcribed verbatim. A framework approach was used for data 
analysis, which implies that we worked with structured topic guides in order to identify 
patterns within the data, but also allowed new themes to emerge from the data [16, 
17]. Initially, two researchers (ITHMM and MJCT) coded the transcript independently 
to improve the validity of the results. Consensus was reached by discussion, and if 
necessary, a third researcher (MGHL) was involved. After 10 interviews, agreement was 
reached about the codes. After that, each interview was coded by a single researcher, 
though one out of three interviews was randomly selected and analyzed by the second 
researcher. Besides, new and doubtful codes were discussed when applicable. Next, in 
two data analyses workshops (MJCT, ITHMM, MGHL, AJAHvV), codes were sorted and 
synthesized by the themes of the TICD framework, bringing similar concepts together 
[14]. Member checking was used to confirm the credibility of the data: each participant 
was given a summary of the interview, to determine whether the themes were appro-
priately identified and matched their responses. Only minor changes were requested. 
Atlas.ti software was used to facilitate data management and analysis. The analyses 
were conducted iteratively, to allow emerging themes and theories to be explored in 
subsequent interviews. Final results were discussed by an expert panel, consisting of 
staff physicians, PAs, PA educators and researchers in the field of task reallocation.
Ethical considerations
Ethical approval was sought from the Research Ethics Committee of the Radboud 
university medical center (registration number: 2012/306); the committee judged that 
ethical approval was not required under Dutch National Law. All participants received 
information on the interviewer, background and aims of the research project before 
the interview. Written informed consent was obtained from all participants.
Results
In total, 32 participants were interviewed, spread over 11 wards across 10 hospitals. 
Three participants who were contacted declined participation due to lack of time or 
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lack of interest. The characteristics of the wards and interviewees are summarized 
in Table 1. The participating wards represented a diversity of hospital wards in the 
Netherlands. There was variation in medical specialty, as well as in hospital type and 
the organizational model for inpatient care. On each hospital ward, at least one staff 
physician was interviewed.
Table 1. Characteristics of participating wards and care providers
Characteristics of wards (n=11)
Medical specialty n(%)              
    Cardiology 1 (9%)
    Surgery  3 (27%)
    ENT, Head and Neck Oncology Surgery  2 (18%)
    Orthopedics 2 (18%)
    Gastroenterology 2 (18%)
    Pulmonology 1 (9%)
Hospital type n(%)
     Teaching
         Academic 2 (18%)
         Non-academic 4 (36%)
     Non-teaching 5 (45%)
Organizational model for inpatient care  n(%)
    Mixed PA/MR* 4 (36%)
    100% PA† 1 (9%) 
    PA not employed anymore 1 (9%) 
    Never employed a PA 5 (45%) 
Number of beds   mean (SD) 22 (8)
Years of employment of PA   mean (SD) 6.0 (3.2)
Characteristic of care providers (n=32)
Age, years  mean (SD) 40.5 (11.1)
Gender, male  n(%) 16 (50%)
Profession  n(%)
    Staff physician 12 (38%)
    Physician Assistant 8 (25%)
    Medical resident/junior doctor 6 (19%)
    Nurses, including heads of department 6 (19%)
Years working on the hospital ward   mean (SD) 9.6 (8.1)
Still working with PA n(%)‡ 17 (71%)
Abbreviations: MR = medical resident; PA = physician assistant
*  Both MRs and PAs are in charge of admitted patients, with supervision of staff physicians
† Only PAs are in charge of admitted patients, with supervision of staff physicians
‡ PAs (n=8) were excluded for this calculation
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Determinants of the decision to employ PAs for inpatient care
The following themes from the TICD framework showed to be relevant for the decision 
to employ PAs in inpatient care: (1) the innovation; (2) professional interactions; (3) in-
centives and resources; (4) capacity for organizational change; and (5) social, political 
and legal factors. The perceived determinants are summarized per theme in Table 2.
The innovation
The desired continuity of care appeared to be a main deciding factor for the employ-
ment of PAs in inpatient care. Residents and fellows traditionally have rotational 
cycles which cause them to stay only a limited time on each department. Therefore, 
the turnover of doctors at these wards is rather fast (often between 1 and 14 weeks). 
PAs generally do not rotate and can be a more stable factor in the continually changing 
medical workforce, which is thought to lead to advantages in quality of care. 
Another important determinant related to this theme was the expectation that in-
volvement of PAs should disburden the physicians. Since the PA is the constant factor 
for inpatient care, the staff physicians and residents can be employed in, for example, 
providing outpatient care or perform medical procedures. Besides, fellows have more 
time to focus on the needs for their own education to become a medical specialist. PAs 
also disburden the physicians by performing additional tasks, for example, integrating 
newly employed doctors, performing specific (complex) medical procedures, provid-
ing education or conducting quality projects. 
An important factor for not employing a PA is that there is no need for change because 
of satisfaction with the current quality of care and the availability of appropriate resi-
dents. Another hindering factor that was mentioned was that PAs work only on regular 
base during daytime office, and not at nightshifts or weekend shift. This has, according 
to the interviewees, a negative impact on the number of irregular shifts that physicians 
should work. Besides, substituting residents by PAs could limit the education possibili-
ties of residents, since providing inpatient care is perceived to be very important for 
their training.
Professional interactions
Positive experiences with PAs seem to positively stimulate the employment of PAs, 
while negative experience elsewhere was mentioned as a hindering factor. Resistance 
from professional associations of medical specialists was mentioned as a factor which 
influences the decision to not employ a PA.
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Incentives and resources
From the theme incentives and resources, a main motive for employing a PA for inpa-
tient care was a shortage of residents because of an unfavorable geographical location 
or a less attractive hospital because of the nonteaching status. A main determinant for 
not employing a PA was unclearness or disagreement about the payment of the PA.
‘It is more a case of there being no structural funding with which the salary 
of a PA can be paid. So if you are running a partnership and next to that the 
hospital, then it is unclear who is going to pay the PA, because you are provid-
ing quality of care, of which the partnership says: ‘the hospital ought to share 
in these costs’, but the hospital states: ‘you are supporting the pulmonologist, 
so the partnership should pay for this’. So there are as yet no fixed rules about 
who has to pay for that in the hospital.’ (P25, Staff physician)
Capacity for organizational change
Support of the management of the hospital emerged as a facilitating factor for the 
employment of a PA. An important factor on organizational level for not employing a 
PA was uncertainty felt by the staff physicians due to changes of high impact within the 
organization of the hospital or the organization of the staff physicians. A mentioned 
example was uncertainty because of approaching take-over of hospitals.
Social, political and legal factors
The enacted legislation was mentioned as an important facilitating factor, allowing 
PAs to prescribe medication and to indicate and perform specific medical procedures 
autonomously. No determinants for not hiring a PA were mentioned.
Determinants of sustained employment of PAs for inpatient care
The following themes showed to be relevant for the decision to employ PAs: (1) the in-
novation; (2) patient factors; (3) professional interactions; and (4) social, political and 
legal factors. Besides, ‘organizational factors’ emerged as a new theme. In this theme, 
we categorized all factors regarding the organization which were recommended to 
facilitate the implementation process. In Table 3, perceived determinants are sum-
marized per theme.
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Table 2. Determinants for the employment of PAs for inpatient care
Theme Perceived facilitators Perceived barriers
The innovation •	 Need for continuity of care
•	 Need for quality improvement
•	 High workload MRs
•	 	More effective employment of MRs 
for other tasks
•	 	Employee of the ward initiated the 
idea
•	 No need for change
•	 	Time and cost investment for the 
education of a PA
•	 	Risk that the PA resigns shortly after 
finishing education
•	 PA does not work at irregular shifts
•	 Limit the education possibilities of MRs
•	 Lack of scientific evidence on outcomes
•	 	Diversity of different professionals who 
can be employed for inpatient care
Professional 
interactions
•	 	Positive experiences with PAs in 
inpatient care elsewhere
•	 	Negative experiences with PAs in 
inpatient care elsewhere
•	 	Resistance from professional 
associations of medical specialists
Incentives and 
resources
•	 Shortage of MRs for inpatient care 
•	 Relatively low salary of PA
•	 Standardization of medical care
•	 	Shortage of appropriate PA for 
inpatient care 
•	 Discussion about payment of salary PA
Capacity for 
organizational 
change
•	 Support of the management
•	 	Staff physicians are employed by the 
hospital
•	 	Uncertainty because of approaching 
take-over of hospitals 
•	 	Uncertainty because of changes of high 
impact within the organization of the 
staff physicians
Social, political and 
legal factors
•	 	Improved legislation to prescribe 
medication and indicate and perform 
medical procedures
•	 	Less authorized to prescribe 
medication and take decisions in 
comparison to MRs
Abbreviations: PA = Physician assistant;   MR = Medical resident
The innovation
Experiencing positive outcomes of PAs positively influence the sustainability of the 
implementation of PAs in inpatient care. Relative advantages that were mentioned 
were improved continuity, quality and effectiveness of care. Besides, efficiency was 
mentioned as an important facilitating factor. A PA is expected to work more efficiently 
than a resident. Since the PA works for a longer time at the hospital ward, they are 
more familiar with the clinical protocols and the procedures to, for example, request 
diagnostics tests and consult other physicians. As a consequence, they need less time 
for indirect care. Besides, PAs are thought to be more familiar with the routines of other 
individual professionals. 
‘The fact that she has been working on the ward for years, that she knows ex-
actly how the ward functions, how everything works, what to do when there is 
a threat of overcapacity, what to do when tasks have been given to the nursing 
staff that are not executed in the right way, how to report incidents locally, she 
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knows it all. She knows all the ins and outs of the ward, knows how everything 
works, so she is able to act quickly the moment she realizes that something is 
not going well.’ (P7, Staff physician) 
As a consequence of the efficiency, it was mentioned that PAs can spend more time 
on direct contact with the patient, or perform additionally tasks like quality projects, 
education or medical procedures. In this way, they disburden the staff physicians. In 
the perspective of nurses, working with a PA is efficient because they have a more 
attained and approachable contact person for medical questions. Questions are an-
swered faster, which is efficient for the treatment of the patient. The only mentioned 
disadvantage regarding efficiency was that a nurse experienced delay in the treatment 
of patients because the PA in her opinion is not allowed to make rigorous choices in 
the medical treatment of patients, while the residents are. However, this was contra-
dicted by nurses from other hospitals, who experienced higher autonomy of PAs in 
comparison with residents. 
Another mentioned important determinant for the sustainability of PAs is that, because 
of the broad medical background and continuity, PAs can fulfill different roles depend-
ing on team needs. As a stable element in a continually changing medical workforce, 
PAs who are involved in inpatient care often have additional tasks like quality projects, 
education, medical procedures or outpatient care. Based on the team needs, these 
tasks can be adjusted. Another mentioned relative advantage was the bridging role of 
PAs between the nurses and physicians. 
‘The PA does not have a background in medicine but often in nursing or physio-
therapy, and has by nature often just a little more feeling with the nursing staff 
where we, we are of course a team, and both groups depend on each other. 
Nurses cannot do without us, and we cannot do without nurses, so you do need 
to have a certain cooperation in that and a PA can have a very useful role as an 
intermediary, because not every resident has the kind of sense for the nursing 
staff to fulfil that role.’ (P24, Staff physician) 
Also the communication skills of PAs were mentioned as a relative advantage. It 
is thought that, since Dutch PAs have at least 2 years of clinical work experience in 
the health care domain as, for example, a nurse or physiotherapist, they are more 
experienced with simplifying difficult medical concepts into a language which is  un-
derstandable for patients.
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Patient factors
A mentioned determinant by the interviewees from the patient perspective was that 
many patients are not familiar with the PA professional in general, and that they often 
do not know whether they saw a physician or a PA. Sometimes, the patient or relatives 
persist to see the physician in addition to the PA.
Professional interactions
Mutual trust emerged as a main determinant from the theme professional interactions. 
Besides, a broad support of the medical staff and ward care team is perceived a very 
important factor for the implementation. An equal treatment of PAs and residents is 
perceived to facilitate the implementation process. 
‘Whenever we go to a meeting, then all of us go together. So if there is a mul-
tidisciplinary vascular meeting or a dialysis meeting or some such thing, then 
the PAs come along too and they just as easily take part in the discussion as 
the physicians. That is why we stated right from the beginning: we want the 
PAs to be able to work in the same atmosphere, without barriers in relation to 
us and within the group. Therefore they need to be fully included in the way 
the residents are trained and we have succeeded in that.’ (P11, Staff physician)
A hindering factor which was mentioned is that it regularly happens that physicians 
from other medical specialties demand to consult a physician instead of a PA about 
a patient. Related to this, the positioning of their profession was mentioned by PAs 
as an influencing determinant. PAs are no doctors, although they perform similar 
medical tasks. It is considered a difficult process to find the right position within a 
medical team. Not all PAs experienced this positioning problem. Mentioned factors 
which positively influenced this are an increasing number of PAs in the same hospital, 
increasing familiarity of other care providers with the PA profession, guidance of the 
staff physicians and personal characteristics of the PA such as assertiveness. 
Another item from the theme individual factors which was mentioned by PAs was 
that some residents experience less job possibilities or less education possibilities for 
themselves. In contrast, the interviewed residents who worked with PAs in inpatient 
care experienced more education possibilities, since they need less time for inpatient 
care and have more time left over for specific education purposes. Besides, some 
residents told that they learn important things from PAs, such as communication skills, 
performing specific medical procedures and the logistic procedures at the ward. All 
professionals however agreed that inpatient care is a very important part of the educa-
tion of residents, and that it is critical to facilitate this.
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Social, political and legal factors
The improved legislation in which PAs are since 2012 authorized to prescribe medication 
autonomously was mentioned as a facilitating factor. On the other hand, locally arranged 
restrictions, that is, a lack of authorization for prescribing medication and taking deci-
sions in comparison with residents, were mentioned as a determinant for not hiring a PA.
Table 3. Determinants for the sustainability of PAs in inpatient care
Theme Perceived facilitators Perceived barriers
The innovation •	 	Dual character of the education
•	 	Clinical work experience within 
similar specialty
•	 Knowing own limits
•	 	Experiencing relative advantages: 
efficiency of care, bridging role, 
communication with patients
•	 	The PA can fulfill different roles 
depending on team needs
•	 	Stagnation of  care processes because 
of less autonomy
•	 	Limited employable within the 
broadness of the medical specialty
Patient factors •	 Satisfied patients
•	 Accessibility of the PA
•	 	Informing patients about the roles 
and responsibilities on the ward
•	 	Patients are not familiar with PA 
position
•	 	Patients do not know whether they 
saw a physician or PA
Professional 
interactions
•	 Mutual trust
•	 Broad support of the medical staff
•	 Support of the ward care team
•	 Equal treatment of PAs and MRs
•	 Satisfied nurses
•	 	Improved job satisfaction of staff 
physicians
•	 	Physician is known with PA 
profession
•	 	Adequate interaction between 
physician and PA
•	 	Physician wants to consult a physician 
instead of a PA
•	 	Resistance from individual physicians 
or professional associations
•	 	Difficult positioning of PAs: not a 
doctor, not a nurse
•	 PA pretends to be a physician
•	 	MRs see PAs as a threat because of less 
jobs or less education possibilities
•	 	Imaging that PAs may not make 
mistakes
Capacity for 
organizational 
change
•	 	Long-term planning and vision by 
the management
Social, political and 
legal factors
•	 Improved legislation 
•	 	Frameworks from professional 
associations of medical specialists
•	 	Not authorized to prescribe 
medication
•	 	Frameworks from professional 
associations 
Organizational 
factors
•	 	Accessible staff physicians for 
supervision
•	 	A written clear description of job  
responsibilities/job  specifications
•	 	Sufficient attention for the job 
satisfaction of PA/ opportunities for 
personal development
•	 	Adequate supervision, including 
extra attention for clinical reasoning 
skills during education period
•	 Part-time job extent
Abbreviations: PA = Physician assistant;   MR = Medical resident
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Discussion
This study identified determinants of the decision to employ PAs for inpatient care, 
as well as of the sustainability of the employment. Fifteen years after the introduc-
tion of PAs in the Netherlands, there seems to be little discussion about the added 
value of PAs among those who adopted them. Interviewed professionals experienced 
many benefits, of which the main benefit turned out to be the gained continuity of 
care, since PAs are perceived to be a more stable element in the continually changing 
medical workforce than residents are. Nevertheless, several barriers were identified 
which need to be considered by those interested in employing PAs and optimizing the 
PA role in inpatient care. Organizational and financial uncertainties play an important 
role in the decision to employ a PA. Remarkably, many experienced barriers to employ 
and continue PA employment are a consequence of locally arranged restrictions by 
hospital management and staff physician, as barriers regarding national laws, PA 
education and competencies of PAs seemed non-existing. These results might be an 
example for other countries which face problems with continuity of inpatient care, 
efficient delivery of health care and a (local) shortage of physicians.
Implications regarding the employment of PAs
Uncertainty on organizational and financial level turned out to play an important role in 
the decision to employ a PA. The structure of legal and financial embedding of special-
ists within the hospital is currently subject of major change in Dutch health care. From 
2015 onwards, the income of self employed medical specialists is part of integral prices 
within a performance-based financing system [18]. Because of uncertainty whether 
the fiscal status of self-employed medical specialists would still be guaranteed while 
using these integral prices, self-employed medical specialists had to reorganize their 
partnership to make sure the fiscal status should be maintained 19]. Since our inter-
views were held during the transition phase, medical specialists experienced many 
uncertainties regarding their future organization and positioning within the hospital, 
and were as a consequence reluctant to employ PAs. It is however thought that when 
the new system is fully implemented, there will be more emphasis on performance 
and quality standards, rather than on the amount of treatments performed [19]. This 
might incorporate an increase in the employment of PAs, since they are thought to add 
to the quality of care. 
An important experienced barrier for the employment of PAs was disagreement be-
tween staff physicians and hospital management about who should pay the salary 
of the PA. Based on the general idea that only the medical specialist benefits from 
the employment of PAs, the hospital management prefers that the staff physicians are 
responsible for the PA’s salary. Staff physicians disagree because besides performing 
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medical tasks, PAs in inpatient care also improve quality and accessibility of care. Such 
discussions may hamper the employment of PAs. It is important that staff physicians 
are aware of these discussions, and make in collaboration with the hospital manage-
ment a sustainable financial model which is based on the future tasks of the PA, taking 
into account the balance between substitution of medical tasks and addition to qual-
ity and accessibility of care. 
Another important topic, which is related to the financial models, is the diversity 
of different professionals who can be employed for inpatient care. Besides PAs and 
residents, also nurse practitioners (NPs) are occasionally employed for medical care 
at the ward. However, in contrast to PA, NPs do not have a broad generalist medical 
education, which is considered to be important for providing adequate medical care 
for admitted patients. A qualitative study by Kouwen and Brink [20] showed that a pos-
sible incentive of still employing NPs in inpatient care is the local arrangement on how 
the costs of the PA/NP are divided between the hospital and the partnership. For NPs, 
mostly an allocation clause applies that divides the costs between the hospital and the 
partnership. With PAs, the partnership themselves mostly need to raise the costs based 
on the general idea that only the medical specialist benefits from the deployment of 
the PA. Another health professional who can be employed for hospital ward care is the 
hospitalist. Hospitalists have been introduced in the USA already in 1996 [1]. In the 
Netherlands, they have been introduced in 2012 as an answer to the lack of continuity 
of care at wards and the need for a better balance between specialists and generalists. 
Hospitalists are physicians who completed a specialization in hospital medicine and 
who’s practice emphasizes providing care for hospitalized patients. Their activities in-
clude patient care, teaching, research and leadership related to hospital medicine [2]. 
Further research is needed about the added value of these relative new professionals 
(i.e., hospitalists, PAs and NPs) providing care to hospitalized patients, including ques-
tions related to how they should relate to each other and to more traditional models 
involving residents.
Implications regarding the sustainability of PAs
Determinants related to professional interactions and political and legal determinants 
turned out to be of high importance for the sustainability of PAs in inpatient care. 
Although our interviews were held about 15 years after the introduction of PAs in 
the Netherlands, it became clear that the PA profession is still in a developing stage. 
Although we do not know in what strength, our interviews pointed out that resistance 
from physicians is still an important theme for the PA profession. PAs experienced in 
varying strengths resistance from, for example, staff physicians from other specialties 
who do not want to consult a PA, and from residents who think that the employment of 
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PAs interferes with their job and education possibilities. These findings are in line with 
the results of other interview studies on the implementation process of PAs [9, 11, 12]. 
Interestingly, all residents who were involved in our interview study contradicted this 
interference. The PA, as stable member of the medical team, provides in the opinion 
of the residents an additional training resource for residents and junior doctors on 
rotation. They are able to provide information about organizational policy, as well as 
training and feedback in relation to practical aspects of the clinical work. This state-
ment is in line with the results from a survey which was conducted in 2015 to assess 
surgical resident’s perceptions of the impact of the implementation of PAs and NPs 
on residents’ training experience in intensive care units [21]. The authors concluded 
that only a minority of residents perceived that APPs interfered with education and 
their ability to follow patients. Another common subject of resistance is that most 
PAs do not work during nights and weekends. As a consequence, residents have to 
work relatively more at irregular shift. However, involving PAs in irregular shifts would 
negatively influence the continuity of care at the ward during daytime, which was con-
sidered a main advantage of employing PAs. Also the positioning of their profession 
was mentioned by PAs as an important determinant of the implementation process. 
As with any new profession, it is considered a difficult process to find the right position 
within a medical team [10]. During the implementation process, it is important that 
staff physicians have attention for this issue.
Strengths and limitations
A strength of this qualitative study is the purposive sampling method, with which we 
managed to include a breadth of perspectives. We captured a diversity of hospital 
wards with variation in medical specialty, hospital type and the used inpatient care 
model. Wards with a relatively long experience with PAs and wards with relatively little 
experience with PAs were included. Besides, we included hospital wards which have not 
employed a PA at all. Nevertheless, we cannot exclude selection bias. All care providers 
voluntarily participated in this study, which could imply that our participants had a 
more than average affinity with the theme substitution of care or the PA in particular.
Conclusion
Fifteen years after the introduction of PAs in the Netherlands, the profession is matur-
ing. The adopters experience many benefits, but also identified barriers which need 
to be considered by those interested in employing PAs and optimizing the PA role in 
inpatient care. Organizational and financial uncertainties play an important role in 
the decision to employ a PA. In addition, many barriers to employ and continue PA 
employment are a consequence of locally arranged restrictions by hospital manage-
ment and staff physician, while barriers regarding national laws, PA education and 
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competencies of PAs were barely experienced. Special attention should be paid to the 
financial embedding of PAs and the positioning of the PA within the medical team, but 
also to their position in relation to other professions who are responsible for hospital-
ized patients.
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Healthcare faces a number of challenges, such as an increasing demand, increasing 
patient expectations, the development and implementation of advanced technolo-
gies, and (threatening) shortages of healthcare professionals. The revision of profes-
sional roles (transfer of tasks from physicians to nonphysician clinicians) is one of the 
strategies to address these challenges. In recent decades, physician assistants (PAs) 
have been introduced in hospital wards in the Netherlands. This has led to debates 
on the impacts of this trend on the quality, safety and efficiency of healthcare. Among 
believers of the beneficial impact of PAs, it has also raised questions about the optimal 
training of PAs and the optimal organizational model at hospital wards. This thesis 
contributes to the body of knowledge on the effects of the involvement of physician 
assistants (PAs) in hospital care. It determined the effects on patients’ length of stay, 
continuity, quality and safety of care, cost-effectiveness of care and patients’ experi-
ences. Besides, it provides insight into the different organizational models of medical 
ward care and the tasks and responsibilities of the PAs and medical doctors (MDs). 
Finally, it identified the barriers and facilitators which care providers experience in 
both the initial employment of PAs for inpatient care as well as the sustainability of 
this employment.
To answer the research questions, a multicenter, non-randomized, matched-controlled 
study was performed in the Netherlands, comparing 17 wards with a mixed ‘PA/MD 
model’ (intervention group) with a matched sample of 17 wards with a solely ‘MD 
model’ (control group). In total, 2307 patients were included across the hospital wards. 
In the PA/MD model, the PAs who were employed at the wards were often substitutes 
for residents. Their tasks and responsibilities were largely comparable. PAs have the 
same authorizations as residents: they can make indications for treatment, perform 
predefined medical procedures and subscribe medication independently. We could 
distinguish two submodels within the intervention group (PA/MD model): a model 
in which PAs collaborated with residents (PA/MR model) and a model in which only 
PAs were the first point of access to medical care during office hours (PA model). In 
both models, the PAs as well as the residents collaborated with medical specialists. 
In the control group (MD model), only MDs were in charge of the admitted patients 
at a specific hospital department. Most of them were medical residents (MR model). 
The resident was physically present at the department for at least a couple of hours 
each weekday and was the first point of access to medical care during office hours. 
Their work included daily clinical care and patient management. The residents were 
supervised by medical specialists. In some cases, especially in smaller hospitals where 
often no residents are employed, the medical specialists provided all medical care for 
the admitted patients (MS model). 
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In this chapter, the main findings of the studies reported in this thesis are presented 
and discussed in the light of knowledge acquired in this thesis and relevant existing 
literature. Subsequently, the most relevant methodological issues and the implica-
tions of the results are discussed. Finally, a number of recommendations for clinical 
practice, education and future research are given. 
Main findings
ü Tasks of PAs who were employed for inpatient care were largely comparable to tasks 
of residents employed for inpatient care.  However, the proportion of time spent on 
direct and indirect patient care on the hospital ward seemed to differ between the 
professionals. PAs spent relatively more time on direct patient care (e.g. doing ward 
rounds, physical examinations, conversations with patients and relatives)  than on 
indirect patient care (e.g. reporting in patient records, requesting additional tests, 
writing patient handovers), while the residents spent relatively more time on indi-
rect patient care than on direct patient care. Looking at the specific non-patient 
related tasks, PAs seemed to spend more hours on quality improvement projects, 
while residents spent more time on doing scientific research (chapter 3).
ü Provider continuity seemed to be higher on hospital wards on which PAs were 
employed than on wards with only MDs (chapter 3). We did not objectively measure 
continuity of care for patients, i.e. the number of different professionals who are in 
charge for one patient. However, results from our patient questionnaire showed 
that patients on wards with PAs experienced the continuity of care as significantly 
better than patients on wards with MDs only (chapter 4).
ü Length of stay (the primary outcome in our evaluation) and quality and safety of 
care on wards managed by PAs and MDs was overall not different from the care on 
wards with traditional house staffing by MDs only (chapter 4).
ü Patient experiences were slightly better on wards on which PAs and MDs were in 
charge for the admitted patients compared to wards on which only MDs provided 
medical care. In particular, patients rated communication, continuity, cooperation 
and medical care better on wards on which PAs cared for the admitted patients 
(chapter 4).
ü The cost-effectiveness on wards managed by PAs and MDs was similar to the cost-
effectiveness on wards with traditional house staffing by MDs only. No difference in 
quality-adjusted life year (QALY) gain and total costs was found. Explorative analyses 
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on item level showed a significant difference in costs for length of stay (LOS) in favor of 
the wards with MDs only. Subgroup analysis showed that costs for LOS were especially 
lower when only medical specialists provided medical care. Costs for LOS did not sig-
nificantly differ between the PA models and the model which involves only residents. 
In addition, we found significant differences regarding personnel costs in favor of 
the wards with PAs. Personnel costs for the provider who is primarily responsible 
for the medical care at the ward were significantly lower on wards with the PA/MD 
model when compared to the MD model. Subgroup analysis showed highest costs 
on the wards with only medical specialists and only residents, compared to the 
wards which involved PAs. Costs for supervision were higher on the wards with the 
mixed PA/MR model and the MR model when compared to the PA model (chapter 
5).
ü Adherence to guidelines on medication prescribing on wards with PAs and MDs was 
in general comparable to the adherence on wards with traditional house staffing by 
MDs only. Two of the 17 quality indicators showed significantly better adherence 
to guidelines for the PA/MD model: the indicators concerning prescribing gastric 
protection in case of use of NSAID in combination with corticosteroids and in case 
of use of NSAID in patients older than 70 years (chapter 6).
ü Several determinants of the decision to employ PAs for inpatient care and of the 
sustainability of the employment were identified. Thirteen years after the intro-
duction of PAs in the Netherlands, there seems to be only little doubts about the 
added value of PAs among those who adopted them. Interviewed professionals 
experienced many benefits, of which the main benefit seems to be the gained 
continuity of care, since PAs are perceived to be a more stable element in the con-
tinually changing medical workforce than residents are. Organizational and finan-
cial uncertainties play an important role in the decision to employ and continue 
employment of PAs. Barriers to employ and continue PA employment were mostly 
a consequence of locally arranged restrictions by hospital management and staff 
physicians, as barriers regarding national laws, PA education and competencies 
seemed absent. Also resistance from other professions such as MDs and nurses, 
and the positioning of the PA, were frequently mentioned barriers (chapter 7).
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Discussion of the main findings
Quality and safety of care
Although our study was not designed to confirm equivalence between study arms, the 
study suggests that the care on wards with the PA/MD model is not different from the 
care on the wards with traditional house staffing with MDs (chapter 4). Employing a PA 
for inpatient care seems to be safe and to lead to better patient evaluations of care. 
To our knowledge, this is the first multicenter study that investigated the effects of 
reallocating inpatient care from MDs to PAs, including multiple medical specialties. 
A few single-centered studies, solely conducted in North-America, have compared 
non-acute inpatient care delivered by a PA-based team with the care delivered by 
a resident-based team [1-5]. All studies reported similar quality of care for PA and 
non-PA care, which is in line with our results. However, the results regarding LOS, the 
primary outcome measure of our study, were mixed. Singh et al [5] reported that the 
PA-based team was associated with an increased patients’ LOS, while Nishimura et 
al [3] and Miller et al [2] reported an association with a decreased LOS. Comparable 
to our results, Roy et al [4] and Dupher et al [1] showed similar LOS between de study 
arms. These studies can however hardly be compared, because different research 
methods were used and different patient groups were involved. Besides, most of these 
studies compared a hospitalist/PA model with the traditional resident-based model, 
while hospitalists were not part of the models involved in our study [6]. The PAs in 
our intervention model were supervised by staff physicians of the specific clinical 
discipline, instead of the hospitalists who have a supervising role in the PA/hospitalist 
models in the United States. Based on the descriptions, the tasks of the PAs who are 
employed for inpatient care in the Netherlands appear to be largely comparable to the 
tasks of the PAs in the United States, which makes it unlikely that differences in team 
composition would affect the results. 
Over the past decade, patient experiences have drawn increasing interest, highlighting 
the importance of incorporating patients’ perspectives into care delivery [7]. Contrary 
to some of the above mentioned studies which showed no differences between PAs 
and MDs on patient experiences [1, 3, 4], we found significantly better patient experi-
ences on wards with PAs (chapter 3). This difference in findings might be the result of 
a specific focus on inpatient care, whereas the other studies focused on the general 
care-giving team, with often low response rates. Nonetheless, one could debate about 
the relevance of the statistically significant differences on patient experiences, since 
the scores in both groups indicate very positive experiences. 
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The better patient experiences might be related to the finding that PAs spend rela-
tively more time on direct patient care than on indirect patient care, while the involved 
residents spend relatively more time on indirect patient care than on direct patient 
care (chapter 3). A hypothesis is that, since PAs have more years of work experience 
at the hospital ward than residents, they are more familiar with the clinical protocols 
and the procedures to for example request diagnostic tests and consultation of other 
medical specialist [8]. As a consequence, they need less time for indirect patient care 
and can focus more on the admitted patients. Besides, PAs might be more attained to 
their tasks for medical ward care, while residents have also other goals like becoming 
a medical specialist. As a consequence, these residents might be as well focused on for 
example conducting surgery.
Effectiveness of care
Our quantitative study suggests that the cost-effectiveness of inpatient care delivered 
by a PA-based team (PA/MD model) is comparable to that of residents-based teams 
(MD model) (chapter 5). Previously, a few single-centered studies have compared costs 
of non-acute inpatient care delivered by a PA-based team with care delivered by a 
resident-based team [4, 5, 9].  These studies did not measure QALYs. Results regard-
ing total costs were mixed. Roy et al. [4] reported that the care by the PA-based team 
was associated with lower total costs per patient, while Ianuzzi et al. [9] reported an 
association with higher costs. Singh et al. [5] reported similar costs between the study 
arms. These studies can however hardly be compared with our study, because differ-
ent methods to estimate costs were used and the settings were different.
Our results do not confirm the findings from qualitative studies, in which medical 
specialists indicated to experience an increased efficiency of care after employing PAs 
[10-12]. However, the effectiveness which was experienced by the interviewed provid-
ers in our qualitative study (chapter 7) was based on additional items which were not 
in the scope of our quantitative research.  For example, several interviewed medical 
specialists experienced increased effectiveness because the PA performs additional 
tasks which were normally the responsibility of the staff physicians or residents, like in-
tegrating newly employed doctors, performing specific (complex) medical procedures, 
providing education to professionals or conducting quality improvement projects. As 
a consequence, the staff physicians and residents can be employed more effective in 
for example providing outpatient care or conducting surgery. Besides, senior residents 
experienced increased effectiveness because they have more time to focus on the 
needs for their medical specialization training. We have not measured these topics 
objectively in our multicenter study; however these topics represent a value for the 
professional and possibly will also affect the health care costs. These topics can be 
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involved in future studies regarding effectiveness of professional role revision, and 
could be valued in terms of professional satisfaction and costs. 
This study showed that the increased continuity of care (chapter 3) did not cause a 
decrease in costs, especially because of the higher costs for LOS. Subgroup analysis 
showed that costs for LOS were especially higher when compared to the model in 
which only medical specialists were involved. Costs for LOS did not significantly differ 
between the PA models and the model which involves only residents. An explanation 
for the lower costs for LOS in the MS model might be that the medical specialists have 
more work experience and feel more comfortable to early discharge a patient from the 
hospital ward. In the Netherlands, the PA profession is relatively new; most of them 
have a short time of experience compared to medical specialists [6]. Over time the 
clinical experience of PAs will become larger, which may lead to lower health care 
costs. Besides, we cannot exclude the possibility that the lower LOS indicates that 
the patients which were included in the MS model were overall less complex than the 
patients in the other models. This might also affect the results on quality of care as 
presented in chapter 4. Although we have adjusted for relevant confounders like type 
of admission in the multivariable analysis, it is not possible to perfectly adjust for the 
complexity of the patient in non-randomized comparisons.   
Besides differences in costs for LOS in favor of the MD model, we found differences in 
personnel costs in favor of the PA/MD model. Costs for the provider who is primarily 
responsible for the medical care at the ward seemed to be significantly lower on the 
wards with the PA/MD model when compared to the MD model. This difference can 
be explained by our finding that on the wards with the PA/MD model, less time was 
spend per patient. This is probably caused by the finding of our previous study that PAs 
spend less time on indirect inpatient care than residents do (chapter 3). A hypothesis is 
that since PAs tend to work for a longer time at the hospital ward, they might be more 
familiar with the clinical protocols and the procedures, for example when requesting 
diagnostic tests and consultation of other physicians. Besides, as a consequence of 
the higher provider continuity, PAs might be more familiar than residents with the 
routines of other individual professionals, the medical and nursing team on the ward, 
and multidisciplinary teams [8].
For conducting this cost-effectiveness analysis, we followed the general principles 
which are described in the Dutch Manual for Costing Research [13], except that the 
time horizon per included patient was limited to one month after discharge. The 
evaluation was conducted from a health care perspective, which differs from both the 
societal perspective and the perspective of healthcare providers. For example, within 
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the societal perspective educational cost for PA and MD would have been included, 
however the exact educational costs are different to predict.  The educational costs 
for PA students are thought to be lower than educational costs for medical students, 
since the vocational training programs take 2.5 and 6 years respectively. Exact costs for 
training PA students are however hard to determine, because Dutch PA students have 
already obtained a health care related Bachelor’s degree of four years and have at least 
2 years of clinical work experience in the health care domain [14]. Besides, since the PA 
education is a shortened form of the traditional medical education, it is thought that 
policy makers can respond quicker on the frequently changing demand for medical 
professionals in health care systems, which is another value for societal perspective. In 
addition, a value might be that becoming a PA is an interesting career option for (expe-
rienced) nurses and allied health care providers [15, 16]. As a consequence, motivated 
employees may be saved for the health care workforce.  
Factors associated with implementation
To implement changes in the organization of hospital care, it is important to know 
which potential factors facilitate or hinder the intervention. However, an overview of 
such barriers and facilitators focused on the implementation of PAs in inpatient care 
was lacking. In chapter 7 we described barriers and facilitators which care providers 
experience in both the initial employment of PAs for inpatient care as well as the 
sustainability of this employment in the long-term. Although our interviews were held 
about thirteen years after the introduction of PAs in the Netherlands, it became clear 
that the PA profession is still in a developing stage. The interviews pointed out that 
resistance from physicians is still an important theme for the PA profession. PAs expe-
rienced in varying strengths resistance from for example staff physicians from other 
specialties who do not want to consult a PA, and from residents who think that the 
employment of PAs interferes with their job and education possibilities. These findings 
are in line with the results of other interview studies on the implementation process 
of PAs [10, 16, 17]. Interestingly, all residents who were involved in our interview study 
contradicted this interference. In their opinion, the PA provides an additional train-
ing resource for residents and junior doctors on rotation. The PA is, as a stable team 
member, able to provide information about organizational policy, as well as training 
and feedback in relation to practical aspects of the clinical work. This statement is 
in line with the results from a survey which was conducted in 2015 to assess surgical 
resident’s perceptions of the impact of the implementation of PAs and NPs on resi-
dents’ training experience in intensive care units [18]. The authors concluded that only 
a minority of residents perceived that PAs and NPs interfered with education and their 
ability to follow patients. 
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Another common topic of concern is that most PAs do not work during nights and 
weekends. As a consequence, residents have to work more frequently at irregular shifts. 
However, involving PAs in irregular shifts would negatively influence the continuity of 
care at the ward during daytime, which was considered a main advantage of employ-
ing PAs. Also difficulty with the positioning of their profession was mentioned by PAs as 
an important determinant of the implementation process. As with any new profession, 
it is considered a difficult process to find the right position within a medical team [15].
Resistance is common when implementing a new profession. Previous research from 
Janssen et al. had shown that interactions with other clinical practitioners, in particu-
lar physicians, are crucial for new professions’ role development [19]. Trust grows over 
time, enabling new professionals to become members of the medical team and to 
acquire a more autonomous clinical role. Thereby it is important that PAs do not fully 
replace physicians, but that they also actively give shape to their own professional 
identity by applying for example the unique features of their professional background 
as a health care professional [20]. The implementation of a new professional role is an 
ongoing effort of adapting to new challenges and changing circumstances. As stated 
by several interviewees, it takes time and patience to obtain a role and position in the 
care team. 
Uncertainty on organizational and financial level turned out to play an important role 
in the decision to employ a PA. The new structure of legal and financial embedding of 
specialists within the hospital has been implemented during the run-time of our study. 
It was thought that when the new system would be fully implemented, the emphasize 
on performance and quality standards would grow, rather than the emphasize on the 
amount of treatments performed [21]. It is too early to conclude whether this is indeed 
the case, and whether the enhanced focus on quality of care indeed incorporates an 
increase in the employment of PAs. However, the trend of an increase of the number of 
PA students is promising [22]. 
Another important experienced barrier for the employment of PAs was disagreement 
between staff physicians and hospital management about who should pay the salary 
of the PA. Based on the general idea that only the medical specialist benefits from 
the employment of PAs, the hospital management prefers that the staff physicians are 
responsible for the PA’s salary. Staff physicians disagree because besides performing 
medical tasks, PAs in inpatient care also improve quality and accessibility of care. Such 
discussions as ‘who has to pay’ may hamper the employment of PAs. As also stated 
by Kouwen et al, it is important that staff physicians are aware of these discussions, 
and develop -in collaboration with the hospital management- a sustainable financial 
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model which is based on the future tasks of the PA, taking into account the balance 
between substitution of medical tasks and addition to quality and accessibility of care 
[23]. 
Relation with other health care professionals 
Another topic which was frequently mentioned in our interviews is the diversity of 
different professionals who can be employed for inpatient care. Besides PAs and resi-
dents, also nurse practitioners (NPs) are occasionally employed for medical care at the 
ward. However, NPs are less extensively educated in general medicine in comparison 
with PAs, which is considered to be important for providing adequate medical care for 
admitted patients [24]. A qualitative study by Kouwen et al. showed that a possible 
incentive of still employing NPs in inpatient care is the local arrangement on how the 
costs of the PA/NP are divided between the hospital and the partnership [23]. For NPs 
mostly an allocation clause applies that divides the costs between the hospital and the 
partnership. With PAs, the partnership themselves mostly need to raise the costs based 
on the general idea that only the medical specialist benefits from the deployment of 
the PA. Another health professional who can be employed for hospital ward care is 
the hospitalist. Hospitalists are physicians who have completed a specialization in 
hospital medicine and whose practice emphasizes providing care for hospitalized pa-
tients. Their activities include patient care, teaching, research, and leadership related 
to hospital medicine. Hospitalists have been introduced in the USA already in 1996 
[25]. In the Netherlands, they have been introduced in 2012 as an answer to the lack 
of continuity of care at wards and the need for a better balance between specialists 
and generalists [26]. Further research is recommended about the added value of these 
relative new professionals (i.e. hospitalists, PAs and NPs) providing care to hospitalized 
patients, including questions related to how they should relate to each other and to 
more traditional models involving residents.
Methodological reflections
This thesis presents studies that have strengths and weaknesses. Here I focus on some 
main issues. A main strength of this study is the multicenter design and high response 
rate on all questionnaires, which enhances the representativeness of our findings. Be-
sides, we were able to include a broad range of clinical disciplines from different types 
of hospitals, which increases the generalizibility of our findings. We included 15 wards 
in teaching hospitals and 19 wards in non-teaching hospitals. This is approximately in 
proportion with the Dutch situation; 36 teaching hospitals and 60 nonteaching hospi-
tals [27]. Although we have not selectively recruited the wards, most of the included 
wards were from a surgical (sub)specialty. There are no exact data about the number 
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of PAs who are employed specifically for the management of hospitalized patients per 
clinical discipline, but we know that in the Netherlands most of them are employed at 
a surgical department. Some clinical disciplines like internal medicine and obstetrics/
gynecology were not represented, so it is not clear whether our results can be extrapo-
lated to those disciplines. 
A main limitation is the non-randomized design of this study. Different from other coun-
tries, the Dutch PA programs incorporate a dual work-education model, which means 
that students are employed within a particular medical specialty from the day of their 
enrollment in the master’s PA program [14, 28]. After graduation, the majority of PAs 
continue employed at the same department [22]. Random allocation of the graduated 
PA to other hospital wards was considered not feasible for the staff physicians, who put 
considerable effort and time to training and supervision. The non-randomized charac-
ter of this study implies an increased risk for confounding, which we took into account 
in the multivariable analyses. However, we cannot exclude that local differences like 
policies about quality of care and patient case-mix could have influenced our results. 
To explore heterogeneity within our data, we conducted subgroup analyses for the four 
organizational models for medical ward care separately. The results of these subgroup 
analyses should however be interpreted with caution because of the low number of 
patients in each subgroup. Confidence intervals of effect estimates are relatively wide, 
which indicates a high level of uncertainty.
The non-randomized design can also incorporate selection bias, both on the level of 
the recruited hospitals as on the level of the included patients. The choice to employ 
a PA might be related to more emphasize of the medical team on performance and 
quality standards, which might cause another baseline quality on the intervention 
wards than on the control wards. On the other side, medical teams which already have 
employed a PA, but are not totally satisfied with it, might be reserved to participate 
in such a study. Although the main reason to participate in our study for the wards in 
both study arms seemed to be the interest in the topic of task reallocation, we cannot 
fully exclude selection bias. Bias on the level of the patients is possible as well, since 
employees of the hospital wards, mostly the nurses, were responsible for the recruit-
ment of the patients. Although we frequently encouraged them to ask each admitted 
patient to participate, we cannot exclude the possibility that at some wards, the more 
complex or more ill patients are not invited to participate or declined participation. As 
in many other prospective studies, it is assumable that the very ill patients are under-
represented in our study.
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The sample size calculation for the multicenter study was based on length of stay 
(LOS), which was the primary clinical outcome. Taking into account an expected drop-
out of maximum two matched pairs, 34 wards (17 in each arm) with each 100 patients 
were required.  In case of no drop-out, 50 patients per ward would be sufficient [29, 30]. 
We did not reach 30x100 patients nor 34x50 patients. All 34 recruited hospital wards 
completed the study, but the number of included patients per ward varied largely, 
with a range of 5 till 125 included patients per ward. As we included 2308 patients 
across 34 wards in our study, it is unlikely that our study is underpowered. Because 
of the large variation of included patients per wards, our matching variables medical 
specialty and hospital type are unequal divided over the study arms. To correct for 
this unbalance, we included both match criteria as covariables in the multivariable 
regression analyses. 
The choice of LOS as primary outcome measure for this study is debatable. We chose 
LOS because it can be seen as a proxy measure for effectiveness of care as well as for 
quality of care, and it is considered to be a relevant outcome measure for evaluation of 
clinical care. Reducing LOS is an aim for policy makers in many health care systems [31]. 
As a consequence, in the Netherlands as well as in many other countries, reducing LOS 
has been of major interest in the previous decade [32]. Due to several interventions, 
the average LOS decreased from 11.2 days in 1990 to 9.0 days in 2000 and 6.4 days in 
2012 [33]. Although there are still variations in LOS between countries and hospitals, 
it is debatably what decrease of LOS is still feasible. The identification of a different 
primary outcome is however difficult, because quality of care is hardly to measure in 
one single indicator. Nevertheless, the broad perspective of our quantitative study, in 
which we measured besides LOS also continuity of care, several indicators for quality 
of care, and costs, gives in combination with our interview study a comprehensive view 
of the consequences of the implementation of PAs in inpatient care in the Netherlands.
We found statistical significant differences for costs for LOS (chapter 5), but not for LOS 
as clinical outcome measure (chapter 4). This is remarkably, since we only added a 
constant value to calculate costs for LOS. The reason for this difference is the statistical 
technique used. As in most other studies investigating effects on LOS, LOS in our study 
was non-normal distributed (skewed to the higher scores). To examine effects on costs 
as clinical outcome, we therefore log-transformed the independent variable, as this is 
a widely used method in biomedical and psychosocial research to deal with skewed 
data [34]. However, in economic evaluations, the bootstrap method is generally used 
to create 95% CIs around the coefficients of the independent variables [35]. Previous 
research showed that, even when data were highly skewed, this methods can accu-
rately estimate the true standard errors when sample sizes were moderate to large 
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(n>50) [36]. It is important to notice that results for LOS as clinical outcome were only 
borderline non-significant. Although p-values are different, the descriptive estimates 
do not differ that much.
Quality and safety are broad concepts, which can only partly be measured on the 
basis of indicators that are based on data from patient records. We measured quality 
and safety of care by composing a set of eleven clinical and process indicators which 
were relevant for patients from a diversity of medical specialties. In collaboration with 
medical experts, these indicators were identified from scientific literature and exist-
ing indicators, such as the national set of indicators for quality of hospital care from 
the Dutch Health Care Inspectorate (IGZ) [37]. However, it is important to notice that 
it is very complex to define quality and safety of medical ward care and to capture 
the broadness of the concept in a short set of performance indicators [38]. Outcome 
measures may seem to represent the gold standard in measuring quality and safety, 
but they are only partially produced by the professional who provides medical ward 
care. An outcome is the result of numerous factors, of which many are beyond the 
providers’ control, such as the natural history of disease, comorbidities and patients’ 
age. To be able to use outcomes as a marker of quality and safety, it is crucial to adjust 
for differences in case mix [39]. However, there are several external factors for which we 
could not account for in this study, such as quality of medical and nursing personnel 
and specific hospital policies. 
In our study we examined differences in quality and safety of care by comparing the 
event rates of both study arms. However, to be able to differentiate between adverse 
events which were unavoidable and adverse events which were preventable, patient 
records should be retrospectively reviewed by medical experts [40]. 
Finally, it is important to notice that we can only draw conclusions regarding teams. 
We did not measure the performance of the individual PAs and MDs, which is in this 
context less relevant since good medical ward care is a result of the effort of the total 
team, rather than the effort of one individual. As a consequence, the results of the 
individual PAs and MDs in our study are probably attenuated by the performances of 
the other involved professionals. Previous research showed no difference in the level 
of clinical skills of PAs compared with MDs in the specialty in which they are employed 
[41, 42]. Van Vught et al. examined the individual level of generic clinical skills of PAs 
compared to MDs across the breadth of clinical cases, which is more relevant for 
medical care at hospital wards [43]. Results showed that PA students and MDs score 
about equal in the appraisal of common cases in medical practice: scores on history 
taking, physical examination and communication were comparable. In the quality of 
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the report, including the patient management plan, PA students scored slightly lower. 
It is however important to note that van Vught et al included PA students, while we 
included only graduated PAs in our study. Besides, we evaluated daily practice, while 
the study of van Vught et al. [43] incorporated a simulated setting.
Implications for clinical practice
Clinical practice is currently facing several challenges. At hospital wards, patient 
turnovers are high, while the complexity of patients has increased. As a consequence, 
the burden for hospital staff (as well as ambulatory care) has expanded substan-
tially. Traditionally, medical care for admitted patients is provided by recent medical 
graduates or residents who are in training to become a medical specialist. However, 
recent developments regarding medical education are likely to result in a decrease 
in residents who are available for inpatient care. First, the needed period for the 
medical specialization training is getting shorter because of an increased emphasize 
on individual, custom-made and competency based education. While the period for 
medical specialist education took traditionally 4-6 years, education programs aim to 
shorten the period with about 6 months before 2022 [44]. Second, it is anticipated 
that more medical graduates start earlier after graduation with the medical specializa-
tion training, partly as a result of dedicated transition programs [45]. Employing a PA 
to take care of admitted patients may be an attractive alternative to fill the gap, as 
they can be trained relatively fast: their education takes 2.5 years [14]. Due to the dual 
character of the training, they will partly be trained on the job. As the turnover of house 
staff is traditionally high due to the involvement of recent medical graduates who are 
planning to do fellowships and the mandatory rotational cycles, a PA can constitute a 
factor of stability in the continually changing medical workforce at the hospital ward. 
Furthermore, our study shows that employing a PA seems to be safe and leads to bet-
ter patient evaluations of care. In addition, it is thought that PAs increase effectiveness 
of care, because they take over specific tasks from medical specialists, like integrating 
newly employed doctors, performing specific (complex) medical procedures, provid-
ing education to other professionals, or conducting quality improvement projects. As 
a consequence, the staff physicians and residents can be employed in other activities, 
such as providing outpatient care and conducting surgery. Besides, senior residents 
experience increased effectiveness because they have more time to focus on the needs 
for their own education to become a medical specialist. Another reason to employ a 
PA is that it offers an interesting opportunity for nurses and other health care providers 
wanting to advance their career [15, 16]. As a consequence, motivated professionals 
can be saved for the health care workforce.
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In light of the increasing complexity of patients, medical care is getting more special-
ized to be able to treat those highly complex patients [46]. However, as the number of 
multimorbid patients is expected to further increase because of the aging population 
[47], the involvement of generalist medical care is essential for the clinical and organi-
zational continuity of healthcare. PA students in the Netherlands are employed within 
a particular medical specialty from the day of their enrolled in the master’s PA program. 
Next to the clinical education a PA student undertakes within that medical specialty, 
a PA student undertakes in-school generalist medical education and clinical rotations 
across a variety of medical specialties [14]. With this generalist profile, a graduated PA 
is thought to be able to provide high quality care to admitted (multimorbid) patients 
and enhance the continuity of care at a hospital ward. 
Currently, the number of PAs in training is small but increasing fast in The Netherlands. 
While in 2013 119 PA students entered one of the five PA programs across the country, 
in 2016 183 students started their training. It is expected that this trend in increase 
will maintain the common years, with an influx of about 250 students per year. On the 
other side, also the number of graduated medical students has increased. There is in 
fact currently an oversupply of residents, as 1.8% of them turns out to be unemployed 
[48]. Main causes of this oversupply are the overestimation of health care demands, 
the rise of the retirement age of clinical specialists, and the reduction in the number 
of education places for specific medical specialties [48]. To avoid overcapacity of 
MDs, it is important that task reallocation will structurally be taken into account in the 
estimations for the required workforce capacity by the Advisory Committee on Medical 
Manpower Planning (Capaciteitsorgaan).
It is difficult to translate our findings on cost-effectiveness directly to hospital man-
agement and medical partnerships. Financial impacts of organizational changes are 
influenced by the reimbursement system, which is currently the Diagnosis Treatment 
Combination (DBC) system. A DBC product only includes a standard cost price of a 
nursing day, which includes the activities of the medical specialist, the ward doctor 
and the nursing staff. As a result, consequences of substitution of medical ward care 
are not directly visible [23]. To assess the cost-effectiveness of employing a PA for 
inpatient care which is directly applicable for the medical partnerships, it is important 
to keep a broad perspective on personnel costs and benefits. While shifting tasks from 
one to another, several other professionals of the ward team are affected as well. Costs 
should thus not only include the salary of the PA or MD who provides medical care at 
the ward, but also the time which has to be spend on supervision and education of 
newly employed professionals. In case the PA or MD performs specific tasks next to the 
medical care at the ward, like performing specific procedures, conducting surgery or 
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providing outpatient care, these tasks should be measured as well, together with the 
time savings for other medical professionals. 
In addition to costs, we measured quality-adjusted life years (QALY) as primary health 
outcome. The QALY is a frequently used measure in economic evaluations. By using 
the EQ-5D to assess QALYs, we focused mostly on what a person actually ‘does’ or 
‘is’ (functioning). In the past decades, an alternative movement called the ‘capability 
approach’ has attracted considerable interest. This philosophy advocates enabling 
people in terms of capabilities, or in other words the extent to which persons live a life 
that they value [49]. For future research on the cost-effectiveness of revision of profes-
sional roles, it is recommended to consider including capability as health outcome. 
Capability can be measured with the ICECAP questionnaire, which measures five 
capabilities, phrased as “being able to be/have”[50]. 
By those interested in employing PAs and optimizing the PA role in inpatient care, some 
factors need to be considered. A partnership can decide to employ a graduated PA or 
to educate a PA student. Different from many other countries, the Dutch PA programs 
incorporate a dual work-education model, which means that students are employed 
within a particular medical specialty from the day of their enrolled in the master’s PA 
program. The students undertake didactic and clinical education within this medical 
specialty from the beginning till the end of the curriculum [14, 28]. So, next to the in-
school generalist education, they also gain competencies during their training which 
are specific for their medical specialty. This makes it possible to focus on the future 
tasks from the start of the training, which can be very effective and can have many 
advantages for their later involvement in clinical practice. On the other hand, this dual 
work-education model asks a relatively high time investment for the staff physicians, 
which has to be taken into account while deciding to employ a graduated PA or to edu-
cate a PA student. Although a sustainable employment of the PA can not be assured, 
current turnover rates of PAs are relatively low, indicating that the time investment 
pays off [22].  Besides, experienced graduated PAs are hardly available. This figure will 
probably change in the future.
Special attention should be paid to the financial consequences of hiring PAs. It is 
important that staff physicians make in collaboration with the hospital management 
a sustainable financial model which is based on the future tasks of the PA, taking into 
account the balance between substitution of medical tasks and addition to quality 
and accessibility of care. Besides, special attention should be paid to the positioning 
of the PA within the medical team and their position in relation to other professions 
who are responsible for hospitalized patients. Thereby, it is important that the medical 
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specialists, the managers and the PA themselves actively give shape to the profes-
sional identity of the PA.
Although the PA profession has been already introduced in 2002, still many patients 
are not familiar with this profession. Besides, several medical specialists, residents, 
nurses and other health care professionals do not know the difference between PAs 
and nurse practitioners (NPs). Although NPs and PAs have an overlap in tasks and 
responsibilities, they represent different types of professionals [24]. NPs work in both 
the medical and nursing domain, carrying out medical and nursing procedures for a 
specific group of patients, whereas PAs only work in the medical domain, performing 
medical procedures across their medical specialty. The PA program takes 2,5 years, 
while the NP program takes 2 years. NP students are always nurses. PA students can 
be nurses as well, but can also be other health care professionals with a bachelors 
‘degree, like psychotherapists, dieticians and surgical assistants. For a good position 
and optimal performance of both the PA and NP, it is important that there is a clear 
view on the difference between NPs and PAs, and a clear view on how they are involved 
in patient care most effectively. 
Finally, it is important to recognize that although our qualitative study identified several 
general barriers and facilitators for a successful implementation, the implementation 
strategy has to be tailor-made to the specific department. 
Recommendations for education
Based on the results of this thesis, several recommendations for education can be for-
mulated. As with any new profession, it is considered difficult to find the right position 
within a patient care team [15]. Because the process of positioning already starts at the 
start of the PA education, the PA program can have a supportive role. It is important 
that PA educators make the students aware of the importance of a good positioning 
and that the theme professionalism is a structural part of the program. For the further 
development of the profession it is important for PAs to show their additional value in 
health care, in relation to other professionals. From this study, as well as from other 
studies, we know that PAs are highly appreciated in their communication skills and 
attention for other domains than only the medical domain, and that they do fulfill 
an important role in the care for admitted patients. For educators it is important to 
support PAs in showing their additional value in medical ward care. A solution would 
be to introduce professional leadership as an integral part of the curriculum of the PA 
program [51]. Topics such as health economics, health care strategy and organizational 
behavior would be valuable in preparing students on their future tasks as graduated 
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PA. Also problem-solving skills and life-long learning skills should get attention in the 
PA program [52]. The professional transition of the PA student can be supported by for 
example organizing intervision sessions with small groups of students, in which the 
students reflect in a structured manner on a self-selected clinical experience.
To be able to provide medical care of good quality for admitted patients, it is impor-
tant that the involved professional is able to recognize problems in the full scope 
of the medical domain [43]. Although we did not find differences in quality of care 
delivered by a PA-based team in comparison with a MD-based team, it is in general very 
important that all professionals who provide medical ward care for a certain medical 
specialty keep attention for their general clinical knowledge and skills in the full scope 
of medicine. This can be done by following postgraduate education for PAs who are 
employed for inpatient care, possibly in collaboration with MDs. 
Recommendations for future research
The findings reported in this thesis evoke several new questions. Although we have 
not selectively recruited the wards, most of the included wards were from a surgical 
(sub)specialty. Some clinical disciplines like internal medicine and acute care were 
however not represented at all. It is not clear whether our results can be extrapolated 
to those disciplines. For example, on a general internal medicine department many 
patients are admitted with an unknown diagnosis. As a consequence, fewer tasks are 
standardized and a large body of medical knowledge is required for diagnosis and 
clinical decision making. Additional research is necessary to determine the effects of 
the implementation of PAs in such specialties. 
Involving PAs in irregular shifts emerged as a point of debate from the interviews we 
conducted. Besides that there is unclearness about whether PAs are by law allowed to 
work during irregular shifts, some professionals doubt about whether this is safe, as 
this care is often more acute and less standardized. Scientific research on the safety of 
involving PAs in irregular shifts is currently lacking. Conducting such a research would 
help to further define the role of PAs in hospital care.
Besides PAs and residents, as earlier described, also NPs are employed for medical 
care at the ward. Another health care professional who can be employed for hospital 
ward care is the hospitalist. Hospitalists have been introduced in the Netherlands in 
2012 as an answer to the lack of continuity of care on wards and the need for a better 
balance between specialists and generalists [26]. In 2016, the first hospitalists were 
graduated. Further research is recommended about the added value of these rela-
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tive new professionals (i.e. hospitalists, PAs and NPs) providing care to hospitalized 
patients, including questions related to how they should relate to and collaborate with 
each other and to more traditional models involving residents.
Conclusions
This thesis shows that quality and safety of care on wards managed by PAs, in a team 
with MDs, is overall not different from the care on wards with traditional house staffing 
by MDs only. Employing a PA seems to be safe and leads to a higher continuity of care 
and slightly better patient evaluations. The implementation of PAs may reduce person-
nel costs, but not overall health care costs. Organizational and financial uncertainties 
play an important role in the decision to employ and continue employment of PAs. 
Special attention should be paid to the financial embedding of PAs, as well as on the 
positioning of the PA within the medical team and their position in relation to other 
professions who could also be responsible for hospitalized patients.
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Summary
Healthcare faces a number of challenges, such as an increasing demand, increasing 
patient expectations, the development and implementation of advanced technolo-
gies, and (threatening) shortages of healthcare professionals. The revision of profes-
sional roles (transfer of tasks from physicians to nonphysician clinicians) is one of the 
strategies to address these challenges. In recent decades, physician assistants (PAs) 
have been introduced on hospital wards in the Netherlands. A PA is a health profes-
sional licensed to practice medicine in defined domains, with variable degrees of pro-
fessional autonomy. PAs who provide medical care for admitted patients usually work 
in a team comprising both PAs and MDs (i.e. residents, medical specialists). Although 
there is a worldwide trend of an increase of PAs in the management of hospitalized 
patients, evidence about the consequences of reallocating inpatient care from MDs to 
PAs for health care outcomes is limited. Only a few studies have compared non-acute 
inpatient care delivered by a PA-based team with the care delivered by a resident-
based team. Overall, these studies suggested that quality of care for admitted patients 
delivered by a PA-based team is comparable to that of a resident-based team, and 
that patient evaluations are at least as good. Results of PA employment on length of 
stay and cost-effectiveness varied across the studies. So far all studies concerned one 
clinical discipline within one hospital, and thus a limited variation of patients. Given 
the outcomes of these studies and their limitations, we conducted a multicenter study 
that included PAs providing care to hospitalized patients including a range of clinical 
disciplines.
The central aim of this thesis was to determine the cost-effectiveness, quality and 
safety of hospital ward care by a PA-based team compared to a team with physicians 
only. Additional aims were to provide insight into the different models of medical ward 
care and the tasks and responsibilities of the PAs and MDs, and to identify the barriers 
and facilitators which care providers experience in both the initial employment of PAs 
for inpatient care as well as the sustainability of this employment.
Chapter 2 presents the study protocol of the main study, which aimed to determine 
the effects of the implementation of PAs in inpatient care on cost-effectiveness, quality 
and safety of care and experiences of patients. A multicenter study was designed in 
which the traditional model in which only MDs are employed for inpatient care (MD 
model) was compared with a mixed model in which besides MDs also PAs are em-
ployed (PA/MD model). Seventeen intervention wards and seventeen control wards 
were included across The Netherlands, from a range of medical specialties. Primary 
outcome measure was patients’ length of hospital stay. Secondary outcomes included 
indicators for quality of hospital ward care, patients’ experiences with medical ward 
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care, patients’ health-related quality of life, and health care providers’ experiences. 
An economic evaluation was conducted to assess the cost implications and potential 
efficiency of the PA/MD model. For most measures, data was collected from medical 
records or questionnaires in samples of 100 patients per hospital ward. Semi-struc-
tured interviews with health care professionals were conducted to identify barriers and 
facilitators for the implementation of PAs in inpatient care.
Chapter 3 describes the results of a cross-sectional study with which we aimed to 
provide insight into different organizational models of medical ward care, and the po-
sition, tasks and responsibilities of PAs and MDs who provide medical care at wards in 
Dutch hospitals. Characteristics of the organizational models were collected from the 
heads of departments of all 34 participating hospital wards. We documented provider 
continuity by examination of work schedules. MDs and PAs employed for inpatient 
care (n = 179) were asked to complete a questionnaire to measure workload, supervi-
sion and tasks performed. We distinguished four different organizational models for 
ward care: 1) MS model: medical specialists provide al medical care for the admitted 
patients; 2) MR model: residents provide medical care for admitted patients, with 
supervision of medical specialists; 3) PA model: PAs provide medical care for admitted 
patients, with supervision of medical specialists; and 4) mixed PA/MR model: Both 
residents and PAs provide medical care for admitted patients, with supervision of 
medical specialists. The wards with PAs had the highest provider continuity. PAs spend 
relatively more time on direct patient care; MDs spend relatively more time on indirect 
patient care. PAs spend more hours on quality projects, while MDs spend more time on 
scientific research. Further research should focus on the impact of these differences on 
outcomes and efficiency of medical ward care.
Chapter 4 presents the effects of substitution of medical ward care from MDs to PAs 
on patients’ length of stay, quality and safety of care, and patient experiences with 
the provided care. To measure these effects, we conducted a multicenter matched-
controlled study comparing the care on 17 hospital wards on which medical care was 
provided by a PA-based team, with 17 wards on which medical care was provided by 
MDs only. In total, 2307 patients across 34 hospital wards were included for analysis. 
Patients were followed from admission till one month after discharge. The primary 
outcome measure was patients’ length of stay. Secondary outcomes concerned eleven 
indicators for quality and safety of inpatient care and patients’ experiences with the 
provided care. This study suggests that the length of stay and quality and safety of 
care on wards managed by PAs is overall not different from the care on wards with 
traditional house staffing by MDs. Employing PAs seems to be safe and associated with 
better patient experiences.
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Chapter 5 describes the results of the implementation of PAs on cost-effectiveness 
of care. This economic evaluation was performed alongside the multicenter non-
randomized matched controlled study. The traditional model in which only MDs are 
employed for inpatient care (MD model) was compared with a mixed model in which 
besides MDs also PAs are employed (PA/MD model). The primary health outcome was 
quality-adjusted life years (QALY). The primary cost outcome included all direct health 
care costs from day of admission till one month after discharge. 2292 patients were 
followed from admission till 1 month after discharge. QALY and total costs per patient 
did not differ between the study arms. Regarding the costs per item, a difference of 309 
euro per patient was found in favor of the MD model regarding length of stay. Person-
nel costs per patient for the provider who is primarily responsible for medical care 
at the ward, was lower on the wards in the PA/MD model. This study suggests that 
the cost-effectiveness on wards managed by PAs is similar to the care on wards with 
traditional house staffing. The implementation of PAs may reduce personnel costs, but 
not overall health care costs.
Chapter 6 evaluates the adherence to guidelines on medication prescribing by the 
PA-based teams in comparison with the teams with physicians only. To measure this, a 
set of 17 quality indicators has been composed by hospital pharmacists and medical 
specialists by means of a consensus procedure. Required data were retrospectively 
derived from patient medical records. 2309 patients across 34 hospital wards were 
included for analysis. Two of the 17 quality indicators showed significantly less non-
adherence to guidelines for the PA-based teams; the indicators concerning prescribing 
gastric protection in case of use of NSAID in combination with corticosteroids and in 
case of use of NSAID in patients older than 70 years. For none of the other quality 
indicators for prescribing of medication a difference between the two study arms was 
found. In conclusion, this study suggests that the adherence to guidelines on medica-
tion prescribing on wards with the PA/MD model is not different from the adherences 
on wards with traditional house staffing by MDs only. Further research is needed to 
determine quality, efficiency and safety of prescribing behavior of PAs.
Chapter 7 presents a qualitative study on the barriers and facilitators which care 
providers experience in both the initial employment of PAs for inpatient care as well as 
the sustainability of this employment. To collect data, semi-structured interviews were 
held with 32 care providers across 11 different hospital wards. The recruited wards 
varied in medical specialty, as well as in hospital type and the organizational model for 
inpatient care. A framework approach was used for data analysis. Codes were sorted 
by the themes, bringing similar concepts together. 13 years after the introduction of 
PAs, there seems to be only little debate among the adopters about the added value 
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of PAs, but organizational and financial uncertainties played an important role in the 
decision to employ and continue employment of PAs. Barriers to employ and continue 
PA employment were mostly a consequence of locally arranged restrictions by hospital 
management and staff physicians, as barriers regarding national laws, PA education 
and competencies seemed absent.
Finally, in chapter 8 the most important findings described in chapter 3 to 7 are dis-
cussed in the light of recent literature. Also the implications for clinical practice, educa-
tion and future research are formulated. This thesis shows that quality and safety of 
care on wards managed by PAs, in a team with MDs, is overall not different from the 
care on wards with traditional house staffing by MDs only. Employing a PA seems to 
be safe and leads to a higher continuity of care and slightly better patient evaluations. 
The implementation of PAs may reduce personnel costs, but not overall health care 
costs. Organizational and financial uncertainties play an important role in the decision 
to employ and continue employment of PAs. Special attention should be paid to the 
financial embedding of PAs, as well as on the positioning of the PA within the medical 
team and their position in relation to other professions who could also be responsible 
for hospitalized patients.
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Vanwege een toenemende behoefte aan continuïteit en doelmatigheid van zorg en 
dreigende tekorten aan artsen wordt medische zorg voor opgenomen patiënten 
in toenemende mate verleend door physician assistants (PA’s). Een PA is een mas-
teropgeleide zorgprofessional die bevoegd is om medische zorg te verlenen binnen 
een afgebakend medisch domein. PA’s die zorg verlenen aan opgenomen patiënten 
werken in een team van zowel PA’s als artsen (arts-assistenten en/of medisch speci-
alisten). Ondanks de wereldwijde trend van een toename van PA’s in de functie van 
zaalarts is wetenschappelijk bewijs over de consequentie van deze taakherschikking 
van artsen naar PA’s voor de uitkomsten van zorg beperkt. Enkele wetenschappelijke 
onderzoeken, uitgevoerd in USA, hebben een vergelijking gemaakt tussen de medi-
sche zorg geleverd door een team met PA’s en artsen en de medische zorg geleverd 
door een team met alleen artsen. Over het algemeen suggereren deze studies dat de 
kwaliteit van zorg voor de opgenomen patiënten door een team met PA’s vergelijkbaar 
is met de zorg geleverd door een team met alleen artsen. Tevens is aangetoond dat de 
ervaringen van patiënten ten minste even goed zijn. Resultaten van ligduur en kosten 
variëren tussen de studies. Tot nu toe betroffen alle studies enkel één medisch specia-
lisme binnen één ziekenhuis, waardoor de variatie aan patiënten beperkt is. Rekening 
houdend met de uitkomsten en tekortkomingen van deze studies, hebben wij een 
multicenter studie uitgevoerd waarin een grotere diversiteit van PA’s, ziekenhuizen en 
medisch specialismen is betrokken.
Het centrale doel van dit proefschrift was inzicht krijgen in de kosteneffectiviteit en 
de kwaliteit en veiligheid van zorg die wordt geleverd door een team met PA’s en art-
sen, in vergelijking met een team met alleen artsen. Daarnaast beoogden we inzicht 
te geven in de verschillende modellen van zaalartszorg in Nederland en de taken en 
verantwoordelijkheden van PA’s en artsen. Tevens wilden we de belemmerende en 
bevorderende factoren in kaart brengen die zorgverleners ervaren bij het aannemen 
van PA’s en de duurzaamheid van de inzet van PA’s in de functie van zaalarts. 
Hoofdstuk 2 presenteert het studieprotocol van de hoofdstudie, welke als doel had 
het bepalen van de effecten van het inzetten van PA’s in de functie van zaalarts op 
kosteneffectiviteit, continuïteit, kwaliteit en veiligheid van zorg en ervaringen van 
patiënten. In een multicenter studie werd het traditionele model waar alleen artsen 
de medische zorg verlenen voor opgenomen patiënten (controlegroep) vergeleken 
met een gemengd model waarin naast artsen ook PA’s de medische zorg verlenen 
voor opgenomen patiënten (interventiegroep). Zeventien interventieafdelingen en 
zeventien controleafdelingen van verschillende medisch specialismen in verschillende 
ziekenhuizen werden geïncludeerd, waarbij afdelingen op basis van type ziekenhuis 
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en medisch specialisme aan elkaar gematched werden. De primaire uitkomstmaat 
was de ligduur van opgenomen patiënten. Secundaire uitkomstmaten betroffen 
indicatoren voor kwaliteit van de zaalartszorg, ervaringen van patiënten, continuïteit 
van zorg, ziektegerelateerde kwaliteit van leven en ervaringen van medewerkers. Een 
economische evaluatie werd uitgevoerd om het effect op kosten en doelmatigheid 
vast te stellen. Voor de meeste uitkomstmaten werden gegevens verzameld middels 
dossieronderzoek en patiëntvragenlijsten. Per afdeling werden 100 patiënten geïn-
cludeerd. Semigestructureerde interviews werden afgenomen bij zorgverleners, om 
belemmerende en bevorderende factoren te identificeren voor de implementatie van 
PA’s in de functie van zaalarts.
Hoofdstuk 3 geeft inzicht in de verschillende modellen voor zaalartszorg en de posi-
tie, taken en verantwoordelijkheden van PA’s en artsen die in de functie van zaalarts 
werkzaam zijn. Kenmerken van de zaalartsmodellen zijn onderzocht met vragenlijsten 
die gericht waren aan de afdelingshoofden van de 34 deelnemende ziekenhuisafde-
lingen. Continuïteit van zorg werd vastgesteld middels de evaluatie van werkroosters. 
179 artsen en PA’s die werden ingezet in de functie van zaalarts werden gevraagd om 
een vragenlijst in te vullen over hun werkdruk, ontvangen supervisie en uit te voeren 
taken. We maakten onderscheid in vier verschillende modellen van zaalartszorg: 1) 
Medisch specialisten verzorgen alle medische zorg voor opgenomen patiënten; 2) 
Arts-assistenten verzorgen de medische zorg voor opgenomen patiënten, met super-
visie van medisch specialisten; 3) PA’s verlenen de medische zorg voor opgenomen 
patiënten, met supervisie van medisch specialisten; 4) Zowel arts-assistenten als PA’s 
verlenen zorg aan opgenomen patiënten, met supervisie van medisch specialisten. De 
afdelingen waar PA’s werkzaam waren hadden de hoogste continuïteit van zorg. PA’s 
besteden relatief meer tijd aan direct patiëntgebonden contact, terwijl arts-assistenten 
relatief meer tijd besteden aan indirect patiëntgebonden contact. PA’s besteden meer 
tijd aan kwaliteitsprojecten, terwijl artsen meer tijd besteden aan wetenschappelijk 
onderzoek. Vervolgonderzoek is nodig om de impact van deze verschillen te bepalen 
op uitkomsten van zorg. 
Hoofdstuk 4 beschrijft de effecten van het inzetten van PA’s in de functie van zaalarts 
op opnameduur, kwaliteit en veiligheid van de zaalartszorg en ervaringen van patiën-
ten. Om deze effecten te meten is een multicenter studie uitgevoerd. In totaal werden 
2307 patiënten over 34 ziekenhuisafdelingen geïncludeerd voor analyse. Patiënten 
werden gevolgd vanaf de opname tot 1 maand na ontslag. De primaire uitkomstmaat 
was opnameduur. Secundaire uitkomstmaten betroffen elf indicatoren voor kwaliteit 
en veiligheid van zaalartszorg, en ervaringen van patiënten met de verleende zorg. 
Deze studie impliceert dat de opnameduur en kwaliteit en veiligheid van zorg op af-
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delingen waar PA’s werkzaam zijn niet anders is dan op afdelingen waar alleen artsen 
werkzaam zijn. Het inzetten van PA’s lijkt veilig en is gerelateerd aan betere ervaringen 
van patiënten.
Hoofdstuk 5 beschrijft de resultaten voor kosteneffectiviteit van zorg. Deze econo-
mische evaluatie was uitgevoerd als onderdeel van de multicenter studie. Het traditi-
onele model met alleen artsen werd vergeleken met het gemengd model waar naast 
artsen ook PA’s worden ingezet voor het verlenen van medische zorg aan opgenomen 
patiënten. 2292 patiënten werden gevolgd vanaf de opname tot 1 maand na ontslag. 
De primaire uitkomstmaat voor gezondheid was de ziektegerelateerde kwaliteit van 
leven (QALY). De primaire uitkomstmaat voor kosten omvatte alle directe relevante 
kosten vanaf de opname tot 1 maand na ontslag. QALY’s en totale kosten per patiënt 
verschilden niet tussen de onderzoeksgroepen. Betreffende de kosten per item werd 
voor opnameduur een significant verschil gevonden in het voordeel van de afdelingen 
waar alleen artsen werken. Personele kosten voor de PA’s of artsen die de zaalartsfunc-
tie vervulden waren significant lager op de afdelingen met zowel PA’s als artsen. Dit 
onderzoek impliceert dat de kosteneffectiviteit op afdelingen waar PA’s in de functie 
van zaalarts werkzaam zijn vergelijkbaar is met afdelingen waar alleen artsen de zaal-
artsfunctie vervullen. Het inzetten van PA’s lijkt de personele kosten te reduceren, maar 
reduceert niet de totale kosten. 
Hoofdstuk 6 evalueert de adherentie aan richtlijnen over het voorschrijven van medi-
catie door een team met PA’s en artsen in vergelijking met een team met alleen artsen. 
Om richtlijnadherentie te meten is een set van 17 kwaliteitsindicatoren opgesteld 
door ziekenhuisapothekers en medische specialisten door middel van een consensus 
procedure. De benodigde gegevens werden retrospectief verzameld uit patiëntendos-
siers. 2309 patiënten verspreid over 34 ziekenhuisafdelingen werden geïncludeerd 
voor analyse. Voor twee van de 17 kwaliteitsindicatoren was de adherentie beter op de 
afdelingen met PA’s. Dit betroffen de indicatoren over het voorschrijven van maagbe-
schermers bij gebruik van zowel NSAID’s als corticosteroïden en het voorschrijven van 
maagbeschermers bij het gebruik van NSAID’s door patiënten die ouder waren dan 70 
jaar. Voor geen van de andere kwaliteitsindicatoren werd een verschil gevonden tus-
sen de onderzoeksgroepen. Dit onderzoek impliceert dat de richtlijnadherentie voor 
medicatie voorschrijven niet anders is op afdelingen waar artsen en PA’s werken dan 
op afdelingen waar alleen artsen de zaalartsfunctie vervullen. Aanvullend onderzoek 
is nodig om de veiligheid van het voorschrijven van medicatie door PA’s vast te stellen. 
Hoofdstuk 7 presenteert een kwalitatieve studie naar de belemmerende en bevor-
derende factoren die zorgverleners ervaren bij zowel het aannemen van PA’s als de 
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duurzame inzet van PA’s. Semigestructureerde interviews werden gehouden met 32 
zorgverleners verspreid over 11 verschillende ziekenhuisafdelingen. De afdelingen 
varieerden wat betreft medisch specialisme, type ziekenhuis en het organisatorische 
model voor de zaalartszorg (hoofdstuk 3). Een raamwerk-gestuurde benadering werd 
toegepast voor data-analyse. Dertien jaar na de introductie van PA’s blijkt er onder 
zorgverleners, die ervaring hebben met PA’s, nauwelijks discussie te zijn over de meer-
waarde van de PA’s. PA’s werden gezien als een stabiele factor in een medisch team dat 
continu aan verandering onderhevig is. Organisatorische en financiële onzekerheden 
spelen echter een belangrijke rol bij de beslissing om een PA in dienst te nemen. 
Andere barrières waren lokaal gemaakte afspraken over de bevoegdheden van PA’s, 
terwijl barrières aangaande de wetgeving nauwelijks werden genoemd.
Ten slotte worden in hoofdstuk 8 de belangrijkste bevindingen uit dit proefschrift 
bediscussieerd in het licht van recente literatuur. Ook de implicaties voor de klinische 
praktijk, opleiding en toekomstig onderzoek worden besproken. Dit proefschrift laat 
zien dat de kwaliteit en veiligheid van zorg op afdelingen waar PA’s samen met artsen 
de medische zorg verlenen vergelijkbaar is met de zorg op afdelingen met het traditi-
onele model waar alleen artsen werkzaam zijn. Het inzetten van PA’s lijkt veilig te zijn 
en leidt tot een betere continuïteit van zorg en betere evaluaties van patiënten. De 
inzet van PA’s reduceert mogelijk de personele kosten, maar niet de totale zorgkosten. 
Organisatorische en financiële onzekerheden spelen een belangrijke rol bij de beslis-
sing om een PA aan te nemen en te continueren. Specifieke aandacht is nodig voor de 
financiële inbedding van PA’s. Ook de positionering van PA’s in het medische team en 
de positie ten opzichte van andere professionals die de zaalartsfunctie kunnen vervul-
len verdienen aandacht. 
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En dan rest mij nog om iedereen te bedanken die, op welke manier dan ook, heeft 
bijgedragen aan de totstandkoming van dit proefschrift. Zonder alle hulp en steun van 
jullie was dit proefschrift nooit geworden zoals het nu is. Een aantal mensen wil ik in 
het bijzonder bedanken. 
Allereerst richt ik mij tot mijn promotieteam, prof dr. Wensing, dr. Laurant en dr. van 
Vught. Jullie hebben allemaal hele verschillende karakters en achtergronden, maar 
juist dat vormde mijn inziens de kracht van dit team. Veel dank voor jullie toegewijde 
begeleiding in dit promotietraject en voor alles wat ik van jullie heb mogen leren. 
Michel, ik heb bewondering voor hoe jij, ondanks je drukke agenda en grote aantal 
promovendi, binnen no-time de sterke en zwakke punten van het onderzoek en de 
artikelen kunt benoemen. Ik heb veel kunnen leren van jouw doortastendheid en grote 
methodologische kennis. Als er problemen waren, dan zocht jij gelijk mee naar oplos-
singen en vond je die ook altijd. Miranda, het was heel fijn om jou als co-promotor en 
dagelijks begeleider te hebben. Ons onderzoek kende veel complexe fases, maar jij 
straalde vanaf het begin uit dat het allemaal goed zou komen, en dat is ook zo geble-
ken. Vanaf het begin stelde jij je op als echte projectleider en kon ik altijd bij je terecht 
met vragen en problemen. Ik heb natuurlijk veel van je geleerd over taakherschikking, 
maar ook wat betreft projectmanagement en alles wat daarbij komt kijken. Waar ik het 
moeilijk vond om beslissingen te nemen en daarachter te blijven staan, was dat juist 
jouw kracht. Daar heb ik veel van geleerd. Anneke, zonder jou was ik waarschijnlijk nooit 
aan dit promotietraject begonnen. Een korte, maar leuke kennismaking in Maastricht 
leidde uiteindelijk tot deze promotiefunctie. Met jouw kennis over taakherschikking in 
ziekenhuizen, je methodologische kennis, je grote netwerk en je open houding was je 
de perfecte aanvulling op dit promotieteam. Vanaf het begin was jij heel erg betrokken 
bij mijn promotietraject en was je altijd bereid om inhoudelijk en methodologisch te 
sparren. Ondanks je drukke agenda had je altijd aandacht voor mij als persoon en was 
jij de eerste die vroeg hoe ik bepaalde gebeurtenissen had ervaren. Heel veel dank 
voor alle intervisie en natuurlijk alle leuke gesprekken die we hebben gehad. 
Heel veel dank gaat ook uit naar het ‘Worthy Assistants’ team. Irma, Yvonne en Bianca: 
als onderzoeksmedewerkers zijn jullie onmisbaar geweest voor mij. De samenwerking 
met jullie verliep alsof we het al jaren zo deden. Jullie wisten als geen ander wat er 
nodig was om dit hele grote, complexe project tot een goed einde te brengen. 34 
ziekenhuisafdelingen aansturen, data verzamelen van ruim 2300 patiënten, complex 
datamanagement, 32 interviews uitvoeren en verwerken, 8 student-assistenten aan-
sturen en 10 stagiaires begeleiden. Geen idee hoe we het gedaan hebben, maar het is 
gelukt! Heel veel dank voor jullie inhoudelijke en logistieke bijdrage, maar bovenal ook 
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jullie positieve energie en gezelligheid. Irah en Jolanda, ook jullie waren onmisbaar 
schakels in ons team. Registreren en verwerken van vragenlijsten, inpakken van nieuwe 
vragenlijsten, het organiseren van het symposium: alles deden jullie even precies en 
altijd binnen de afgesproken tijd. Bedankt voor jullie hele waardevolle bijdrage.
Onmisbaar in dit project waren ook de leden van de klankbordgroep. Geert, ik denk dat 
jij in Nederland de goeroe bent op het gebied van taakherschikking. Op alle vragen heb 
jij een antwoord en voor alle problemen een oplossing. Daarmee was jij natuurlijk een 
onmisbare schakel in deze klankbordgroep. Jij hebt me de historie van taakherschik-
king en bijbehorende gevoeligheden geleerd, maar ook aan je pragmatische insteek 
en nuchtere kijk op dingen heb ik veel gehad. Theo, Cor en Wijnand: jullie medische 
inbreng was gezien dit medisch georiënteerde onderwerp broodnodig. Jullie hebben 
me veel geleerd over de gang van zaken in ziekenhuizen en de plaats van taakherschik-
king daarbinnen. Ook waren jullie een onmisbare schakel bij het aanscherpen van de 
onderzoeksopzet en het vertalen van de resultaten naar de klinische praktijk. En mede 
dankzij jullie grote netwerk is het ons boven verwachting goed gelukt om de beoogde 
34 ziekenhuisafdelingen te vinden. Irma, Daphne en Evert, ook aan jullie veel dank voor 
jullie bijdrage aan het laten doen slagen van dit onderzoek. Het was heel waardevol 
om het onderzoek te bespreken met mensen vanuit verschillende invalshoeken. Eddy, 
veel dank voor alles wat je me hebt geleerd over kosteneffectiviteitanalyses. Bij jou kon 
ik altijd terecht met vragen. Daarnaast was je van grote waarde bij het uitvoeren van 
de analyses.
Jacqueline, via via kwamen wij met elkaar in contact en begonnen we samen vol 
goede moed aan een aanvullende studie over medicatie voorschrijven. Het was voor 
ons beide denk ik een veel uitdagendere klus dan van tevoren verwacht, maar we heb-
ben er mijn inziens iets moois van gemaakt. Veel dank voor de prettige samenwerking.
Natuurlijk gaat ook heel veel dank uit naar alle artsen, PA’s, verpleegkundigen, mana-
gers en secretaresses van de ziekenhuisafdelingen die hebben deelgenomen aan dit 
onderzoek. Zonder jullie bijdrage was dit onderzoek niet mogelijk geweest.
Lieve collega’s van IQ healthcare, veel dank voor de gezellige en leerzame tijd die ik met 
jullie heb gehad. Myrna, Hanneke, Dinja, Tessa, Wytske, Lydia, Anne, Yvette, Evelien, 
Aisha, Dana en Gerrit, met jullie heb ik op verschillende momenten een kamer gedeeld. 
Ik wil jullie allemaal bedanken voor de gezelligheid, inhoudelijke discussies, intervisie, 
steun en inspiratie in de afgelopen jaren. Mieke en Marleen, gezien de overlap in onder-
werpen heb ik met jullie het meest inhoudelijk gesproken over mijn onderzoek. Ik vond 
het altijd heel fijn en leerzaam om met jullie te sparren over inhoudelijke, praktische en 
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methodologische kwesties. Onze leuke reisjes naar New York, Washington en München 
zal ik nooit vergeten. Wat hebben we leuke congressen gehad, mooie dingen gezien, en 
gelachen met gekke Amerikanen en dirndl jurkjes. 
Dan mijn inmiddels ex-collega’s van de Master Physician Assistant van de HAN: Geert, 
Tineke, José, Arna, Nort, Quinten, Emmy, Trees, Frank en David. In 2012 kwam ik als 
onervaren docent van 25 jaar onderwijs geven aan volwassen PA studenten. Gelukkig 
kwam ik in een warm bad terecht en hebben jullie me alle ruimte gegeven om me te 
ontwikkelen. Veel dank voor jullie vertrouwen, belangstelling, gezelligheid en lessen 
over taakherschikking. 
Lieve familie, schoonfamilie, vrienden en vriendinnen van de basisschool, middelbare 
school en Voeding & Diëtetiek, wat ben ik gezegend met zoveel lieve, leuke mensen 
om mij heen. Bedankt voor alle interesse die jullie in mij en mijn promotieonderzoek 
toonden en daarnaast natuurlijk vooral voor alle leuke dingen die zorgden voor de 
nodige porties ontspanning en plezier. Emilie en Rianne, mijn paranimfen. Ongeveer 
zeven jaar geleden leerden wij elkaar kennen tijdens de MSc. Epidemiology en hadden 
elkaar al snel gevonden. Toen fantaseerden we over promoveren, en nu is het ons alle 
drie eindelijk gelukt. We hebben heel wat PhD lief en leed met elkaar gedeeld, maar 
ook heel wat successen gevierd. Ik ben heel blij dat jullie vandaag aan mijn zijde staan.
Lieve pap en mam: doorzetten, hard werken en een positieve levensinstelling heb ik 
van jullie meegekregen. Het vertrouwen en de kansen die jullie me gaven om mezelf te 
ontwikkelen liggen ten grondslag aan dit proefschrift. Veel dank daarvoor.
Lieve Harm, jij hebt me op wel meer dan honderd verschillende manieren geholpen 
met dit proefschrift. Dank voor alles, maar vooral dankjewel dat je er altijd voor mij 
bent. Het is nu eindelijk klaar. Op naar een mooie toekomst samen, en met de kleine 
man in mijn buik!
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Marijke Timmermans is op 2 februari 1986 geboren in Hoogeloon. In 2004 behaalde zij 
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Voeding & Diëtetiek aan de Hogeschool van Arnhem en Nijmegen. Haar opleiding sloot 
ze in 2008 af met een onderzoek in het Erasmus Medisch Centrum, naar het effect van 
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ding Epidemiology in deeltijd aan de Universiteit Maastricht. Haar masterstage voerde 
ze uit op de afdeling Epidemiologie van de Universiteit Maastricht, waar ze onder 
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In 2012 startte Marijke bij het Scientific Center for Quality of Healthcare (IQ healthcare) 
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